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WADC  TR  56-533  Pt  II  August  1958 

ASTIA  Doouaent  No*  AD  155806 


SUBJlCTt 


ELEVATED  TEMPERATURE  RESISTANT  SILICONE  STHDCTURAL 
ADHESIVES  FOR  METALS 


INVESTIGATOR:  Bsvorly  B«  Stewart 

Frank  J*  Riel 
Samuel  E,  Susnan 


CQNTRACTt  AF  33(6l6).5ia 

CONTRACTOR:  Namoo  Industries,  Ino. 

ABSTRACT:  This  report  describes  researt^  and  derelops^nt  under 

Contract  AF  33(616) -5141,  "Slerated  Tei^rature  Resistant  Silicone 


Struotuiral  Adheslres  for  Metals”  during  the  period  15  March  1957  to 
15  May  1958. 


The  first  objective  of  this  program  was  the  synthesis 
and  evaluation  of  oaurboaypheiqrl  polysUoocanes.  Several  polyosrs,  which 
contained  varying  percentages  of  oarboKyphenyl  groups,  were  prepared  and 
evaluated  as  adhesives.  It  was  observed  that  those  resins  containing 
oarboogrphenyl  groups  bad  slightly  lower  bond  strength  oompared  to  control 
resins.  Failure  of  all  p<^sllQKane  bonds  was  prlnarlly  cohesive  failure 
Indicative  of  weak  polymer  structure. 

The  second  program  objective  was  the  developaent  of 
polymer  structures,  other  than  simple  polysiloxanes,  made  from  silane  and 
siloocane  monomers.  A  bisphenol  silane  was  synthesized,  and  phenollo  and 
epoxy  resins  derived  from  It  were  evaluated  as  aetal-to«metal  adhesives. 
Synthesis  of  several  intermediates  required  for  hydroxyphenyldisiloxane 
synthesis  was  aceoaplished;  jnreparatlons  of  two  hydroogrphenyldlsUoxaneA 
wex«  carried  out. 


Three  types  of  sUoxane  resins  derived  from  Blsphenol- 
A  and  ethoxysiloxane  lumomers  were  examined.  One  ^rpe  of  sUoacane-pheno- 
llo  and  a  polysiloxane  resin  were  found  to  tave  excellent  heat  resistance. 
Varlotis  combinations  of  these  resins  were  compounded  with  conventional 
epoxy  and  phenollo  resins,  and  evaluated  as  metal-tOHMtel  adhesives. 

Manuscript  released  by  author  July  1959  for  publication  as  a  UADC 
Technical  Report. 
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WADG  IR  58-384 

miA  DooUMot  No.  4D  2047^ 


INVESTIQATORi 

CONTRACT! 

CONTRACTOR! 

ABSTRACT! 


SUBJECT!  ivaihation  of  strcctoral  metal  bonding  ai»esives 

FOR  BONDING  GLASS-FABRIC  LAMINATES  TO  METAIS 
H.  V.  Eleknor 
DO  33(6i6)-58-1 
Forost  ^odttotc  laborat!^ 

Ab  is7estiNatloB  vm  mdm  bonding  lap-joint  pansls 
of  gliUi8-fain:>io  laninates  to  aluuintm  alloy  ax^  to  stainlaas  atoal  wi^ 
nina  a^tietnral  mtal4)onding  adbaaiTos  to  dataraina  if  tbaaa  adhaaiaaa 
vara  also  snitabla  for  this  typo  of  bonding.  Test  data  v«ra  obtained  on 
the  alnsinum-plastio  bonds  at  -67*’F.,  at  70°  to  80°F.,  at  350°F.,  and 
after  a  30-day  exposure  to  salt  vat^  spray.  The  stainless  staal-to- 
I^astlc  bonds  vara  tasted  at  70°  to  80«F,,  at  350°F.,  and  at  500®F. 
laadnatas  prepared  with  four  represantativa  types  of  resins  vara  IndLudad 
in  this  rasaareih. 


lap-joint  styangth  values  gwaralty  averaged  trcn  2,(XX> 
to  2,500  pouMs  per  square  inoh  at  -67®F.,  at  'K)®  to  S0°F«,  and  aft^  30 
days  exposure  to  salt  uatar  spray.  RoueT^,  at  1^®F  some  of  the  adhasiTss 
started  to  lose  strength,  and,  in  tests  at  350°  and  500°F,  mly  ^a  strength 
values  of  the  more  heat-resistant  adhesives  exoeedad  650  pounds  per  square 
inoh.  Strengths  at  the  hii^er  temperatures  vara  gmerally  batter  on  ^a 
iG^astic  laminates  i^eparad  with  heat-resistant  resins.  The  results  indi¬ 
cted  that  a  number  of  adhesives,  as  presantiy  fcumulated  to  quality  for 
structural  bonding  of  metals,  will  adequately  bcmd  glass-fabric  laminates 
to  metals.  No  special  requirdent  speomcatic  is  inquired,  tb«c- 
toff  for  adhesives  for  this  type  of  bonding,  other  than  ^e  odstiag  speci- 
fications  on  metal-bonding  adhesives* 


mmm 
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INVESTIGATOR:  Joseph  L.  Lukesh  Henry  S.  Spaeil 

Malcolm  Basohe  Laurence  McD.  Schetky 

CONTRACT:  AF  33(616) -5300 

CONTRACTOR:  Allpyd  Research  Corporation 

ABSTRACT:  The  brittleness  problem  of  beryllium  Is  described  and 

the  empirical  and  theoretical  approaches  to  Its  solution  discussed*  The 

Alloyd  Research  Corporation  program  for  the  production  of  very  high  purity 
beryllium  is  described  in  detail.  Experimental  results  are  outlined,  con¬ 
clusions  are  drawn,  and  recommendations  for  future  work  presented. 

WADC  TR  58-478  Pt  I  February  1959 

ASTIA  Document  No*  AD  208663 
OTS  Release 

SUBJECT:  DEVELOPMENT  OF  WROUGHT  BERILLIUM  ALLOYS  OF 

IMPROVED  PROPERTIES 
INVESTIGATOR:  John  G*  Klein 

Leslie  M*  Perelman 
Wallace  W*  Beaver 
CONTRACT:  DO  33(6l6)-57-19 

COHTRACTOR:  The  Brush  Beryllium  Company 

ABSTRACT:  A  review  of  the  literature  on  alloying  and  other 

structural  modifications  and  their  effect  on  mechanical  properties  of 
beryllium  Is  Included  in  this  report. 

Prioary  consideration  Is  given  to  mechanical  and  physi¬ 
cal  properties  of  QMV  beryllium,  both  sintered  and  urou^t,  beryllium-rich 
alloys,  and  structurally  modified  metal|  fabrication  procedures  are  des¬ 
cribe* 

A  discussion  of  background  and  methods  used  to  study 
preferred  orysteOlographlc  orientation  in  %irou^t  beryllium  is  appended* 


MOCHEMISTHY 
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INVE^IOAflONt  Wasm  F.  U.ttl« 

ABSfRACf :  FmgLsiMl  formAationa  vitii  water  s^pellente  aiul  witli> 

out  vatw  repellante  were  apidled  to  four  l^pee  of  oottcm  (»rgo  pera<^ute 
webblni^  aade  to  Speoifieaticm  iaL-U-5665A»  Biree  of  the  fomulatl<m8  eon- 
tained  ^pper  S-quinolinolate  aovi  Ihe  fourth  eonteined  dlhjdr<^-dlehl{^o> 
diphes^l  Bethane* 


freated  and  un'toeatad  %rabbin^  aa  reoeired  finsai  tiie 
Banufaoturary  and  y&rp  'ttirea^  from  tiieae  origiimCL  webbing ,  w^e  teat^ 
tot  laitiaj.  breakup  atrei^tii  at  Wri|^t  Air  tevelo|»Qent  Center  prlw  to 
atorage*  Sieae  breakii^  atrei^tiui  were  V0ed  aa  ^e  control  data  for  the 
materlala  atored  for  perioda  of  A$  S,  and  12  at  College^  Alaaka* 

13irea(hi  trm  atored  webbinga  were  broton  to  detect  ai^  loaaea  in  brok¬ 
ing  alu'ength  due  to  tendering  the  fxDgieidal  tr^tawita*  After  peri¬ 
odic  ahelf  atorai^y  the  webbinga  were  evalimted  for  fbngua  reaiatance* 
fbngi  uaed  aa  teat  ortputlam  were  Aapergillua  Ifrrotoeoiua 

▼erruoaria  and  Chaetemiun  riobcwum*  Yiaml  exaudnations  wwe  aade  after 
fUngua  i^aiatance  evaluatiraBf  ai^  tweaking  atrei^tt  ^ta  wes^  derived 
frm  thzeada  fym  webbii^  aft«r  atorage  and  after  fbngua  i^ais^noe 
inreatigaMona*  A  atatlatioal  ana^ia  wa  aade  of  tii^e  data. 

in  fungicide  effioi«i(^  w^e  dete»dned  tron  the  data  ahtMfing  tiie 
di^erenoea  in  breakii^  atr^igtti  re^ntira  of  the  ^poaed  thr^da  idi«i 
c<»ipared  to  the  original  oontrola. 

All  foraulationa  of  copper  8-quiacdinolate^  except 
Foraulaticm  eimluated  In  thia  reaearch  w^e  aatiafaot^r^  fbx^eidal 
trea'^Benta  in  cotton  car^  para<^te  webbii^^  SpeoifLoatim  MIL4f-5665G, 
providing  tiie  idniaum  Mtellio  copper  content  aa  oopi^  S-qulnolinolato 
waa  0*14$  t^  dr^  wei^^t  of  ^e  treated  aaterial.  (hi  thia  ^la,  the 
■iniana  amount  of  oopper  8-quinolinolate  required  to  give  adequate  fbngua 
realatanoe  waa  0.83^  t^  drj  wei^t  of  tha  material,  fhe  formula. 

Mon  of  dil^droxT’-dibUcwo-diphensfl  mthane  waa  equallj  accepMble  for 
CSAF  uae  providing  the  ainimBW  fai^oi^to  content  wa  0.^  bj  dry  wei^t  of 
the  MeaMd  Bmterial.  Uat^  repellmta  a^ed  to  tiie  l«8io  f^icidal 
fonmilationa,  ali^My  laproved  the  ovMall  ihmgiu  i^aiaMnoe  of  the  tr^t- 
ed  webbinga.  fhe  phti^oc^nln  <fye  uaed  for  ^^rpe  £7  webbing  waa  not  com. 
patible  with  an^  of  the  fbngicid^l  fiwnulationa.  Itotreated  webbing  con¬ 
taining  'Uiie  ^e  waa  bally  diaoolored  ai^  tadqr*  Mineral  dye  waa  o<mipati- 
ble  with  all  materlala. 


WADQ  TR  57-366  June  1958 

miA  Document  No.  AD  155686 
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SUBJECT:  EVALUATION  OF  FUNGICIDAL  VINYL  COATED  COTTON  DUCK 

INVESTIGATOR:  Jacob  K.  Frederick,  Jr. 

Robert  E.  Otto,  l/Lt.,  USAF 
David  H.  Pfister 


CONTRACT:  AF  33(6l6)-3929 

CONTRACTOR:  Lowell  Technological  Institute  Research  Foundation 

ABSTRACT:  This  investigation  was  concerned  with  determining  the 

effect  of  shelf  storage  or  outdoor  exposure  for  periods  of  four,  six,  ten, 
and  twelve  months  followed  by  soil  burial  for  two  weeks  Upon  the  breaking 
and  tearing  strengths,  low  temperature  flexibility,  gasoline  resistance, 
hydrostatic  pressure  resistance,  weathering  resistance,  high  temperature 
blocking,  and  color  of  8.0  ounce  vinyl  coated  cotton  duck  containlit^  in 
the  fabric  or  in  the  coating  various  fungicides.  In  addition  to  the  fungi¬ 
cides,  some  of  the  fabrics  contained  a  stabilizer  designed  to  prevent  light 
deterioration.  The  exposure  sites  were  in  Alaska,  Florida,  New  Mexico,  axul 
Ohio.  The  fungicides  utilized  in  these  studies  were  copper  hydroKynaphthe- 
nate  (CuORNgi^),  copper  8-quinolinolate  (Cu-8-Q),  dehydroabietylaimnoniuiB- 
pentachlorophenoxide  (DAAP) ,  dodecyldime^y-benzyl-ammonium-cyclopentane- 
carboxylate  (DDBACC),  and  dihydroxydlchloro-diphenyl-methane  (31B<).  The 
factors  of  breaking  and  tearing  strength  were  considered  to  be  of  primary 
importance,  idiile  the  others  were  considered  as  of  secondary  importance. 


The  primary  factors  were  subjected  to  an  analysis  of 
variance  and  an  analysis  of  covariance.  The  analyses  considered  main  ef¬ 
fects  of  fabric  direction,  exposure  time,  sites,  and  fabrics,  and  the  in¬ 
teractions  of  fabric  direction  and  time,  fabric  direction  and  sites,  fabric 
direction  and  fabrics,  time  and  sites,  time  and  fabrics,  and  sites  and  time. 


In  addition,  differences  between  fabrics  were  ranked  by 
using  the  Duncan  Test. 


The  secondary  factors  were  evaluated  by  ranking  and  by 
examination  techniques  rather  than  by  any  formal  statistical  tests. 

The  major  conclusions  derived  were  as  follows: 

1.  Fungicides  studied  had  no  effect  in  preventing 
deterioration  prior  to  soil  burial.  In  soil  burial,  Gu-8«^,  CuOHNaph,  and 
DDBACC  supplied  significantly  better  protection  against  strength  loss  than 
did  DAAP  and  3DM. 


2.  The  duratloQ  of  exposure  had  a  significant  affect 
on  the  loss  in  strength  of  fabrics  subjected  to  outdoor  exposure,  but  had 
no  effect  on  fabrics  subjected  to  shelf  storage  only. 

3.  The  presence  of  a  stabilizer  had  no  significant  ef¬ 
fect  on  the  prevention  of  strength  deterioration  as  compared  to  similar 
fabrics  not  containing  such  a  stabilize. 
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4*  light  ean  have  a  alpiif leant  effect  on  s'toength 
loss,  vltii  a  direct  aM  lin^r  relationship  axis  ting  between  inerts  Ing 
li^t  energf  and  increasing  strmgth  Iws. 

5*  Bie  fabrics  tr^ted  with  the  fun^cides  lo'ovldlng 
best  protection  against  soil  biwial  strength  loss  also  showed  tiie  least 
ham  in  the  low  teapemture  flexibility  test* 

6,  B^rostetlc  prossure  resistance  was  not  s^versely 
ejected  sites,  time  of  exf^nre,  nor  types  of  axposure* 

7*  Color  had  a  bear^g  on  gasoline  resistance  as  did 
fungicides,  fellow  fabrics  and  all  fabrics  treated  witii  30M  showed  m>re 
deterioration  than  l^e  otAm*  fabrics* 

8*  nie  diemical  wa^raes  for  residual  fimglcide  c(M3> 
tent,  showed  eemsiderab^  less  ttan  ms  stated  to  be  present  for  all  ^e 
ftmgicides  except  (hiORIfoph* 


IttDC  TR  5^-711  AprU  1958 

ASTIA  Docuront  Ho*  AD  151127 
OIS  R^ease 


SUBJICTi  BIAWATION  OF  ITOGICIDAL  TMIATMEMIS  FOR  COTTON 

FABRICS 


INVESTIGATORi  Joseph  J*  Moder 

CH»rles  ¥,  Stuckey 


CONTRACTS  AF  33(6l6)-3867 

CONTRACTOR:  Cecnegla  Instltote  of  Technology 

ABSTRACT:  Separate  rolls  of  cotton  sateen  fabric  were  treated 

%flth  seam  differmt  Itingieldal  foraailations,  eatdi  f(»rffiid.ation  being  ap> 

plied  at  three  conoMitration  levels,  both  with  or  withemt  water  repell^ts* 

Six  of  the  fangioide  foraulations  contaimd  eoi^r  8-qiiinolinolate  and  one 

contained  d^^roabletyl  aimoniun  pentadAt^ophemte* 


In  Older  to  detersdne  toe  effectiveness  of  toese  treat¬ 
ments,  and  also  to  obtain  Infonsatim  for  use  in  designing  fdtwe  evalua¬ 
tion  and  acceptance  tests,  ^oto  treaklng  strmgto  measuremnts  and  visual 
obsermtiOM  were  made  on  specimens  of  fabric  torn  ted  as  follows:  (1) 
original  fabrics,  (2)  fabrics  stored  indoor  on  toelves  or  himg  in  a  lab¬ 
oratory,  and  (3)  fabrics  ^q)osed  outdoors*  The  original  fabrics  were 
tested  befoxa  and  after  soil  burial  and  a^r  plate  expcMure,  idiile  the 
latter  ms  used  mi  the  otoer  test  specimens  cited  in  (2)  and  (3)* 

For  the  m^igii^l  fabrics,  ton's  ms  about  a  1(^  strength 
difference  between  the  stoongest  asd  weakest  fungicide  treated  fabric*  All 
toml^nto  prevented  growth  on  agar  plato  wcposnei  however,  consid- 
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erable  strength  loss  resulted  from  soil  burial,  after  vdiich  the  strongest 
fabric  was  aljnost  three  times  as  strong  as  the  weakest  fabric. 

Twelve  months  of  Indoor  shelf  storage  produced  a  negll> 
glble  strength  loss  both  before  and  after  agar  plate  exposure  for  all  fungi¬ 
cides.  For  open  fabric  panels  hung  In  the  laboratory  at  W-PAFB  for  two 
years,  the  copper  8-qulnollnolate  fungicides  retained  more  than  94%  of  their 
original  strength  after  agar  plate  exposure;  however,  the  dehydroabletyl 
amonlum  pentaohlorophenate  fungicide  retained  only  75%  of  its  original 
strength. 


The  pattern  of  strength  loss  resulting  from  outdoor  ex¬ 
posure  varied  among  the  test  sites  because  of  difference  in  the  physical 
environment.  A  single  linear  equation,  applicable  to  all  test  sites,  was 
derived  relating  the  strength  retention  to  langleys  of  actinic  exposure 
and  relative  humidity* 

Fabrics  treated  with  dehydroabletyl  ammonium  pentachloro- 
phenate  consistently  had  the  lowest  breaking  strength  after  outdoor  exposure 
at  all  sites.  It  is  difficult  to  differentiate  between  the  six  copper  8- 
quinolinolate  fungicide  formulations  because  of  the  Inoonslatenoy  in  their 
behavior  for  the  different  test  conditions  and  specimen  types  studied. 


WADC  TR  58-201  Noveaber  1958 

^TIA  Document  No.  AD  206893 
OTS  Release 

SUBJECT:  THE  EFFECT  OF  SOLAR  RADIATION  ON  THE  BREAKING  STRENGTH 

OF  OUTDOOR  EXPOSED  WEBBINGS 
INVESTIGATOR:  Robert  A.  Wilkinson 

ABSTRACT:  This  program  was  to  obtain  data  as  to  what  degree  solar 

radiation  affected  the  brea^ng  strength  of  webbings  exposed  to  natural 
weather.  Four  groups  of  webbings  were  evaluated  for  breaking  strength  after 
being  exposed  to  natural  weather  for  specific  time  Intervals  encompassing 
one  year.  The  exposure  sites  were  Wri^t-Patterson  Air  Force  Base,  CMo; 

Las  Cruces,  New  M^co;  and  College,  Alaska. 

Data  obtained  indicate  that  the  service  }ife  of  the 
present  type  of  runway  barriers  can  be  increased  to  180  days  in  areas  of 
extremely  strong  sunlli^t  and  to  360  days  In  areas  of  moderate  or  small 
amounts  of  sunll^t  by  either  one  of  the  following  two  methods: 

1*  By  using  260  denier  17  filament.  Type  300,  OD  color 
nyl<m  yam  in  the  manufacture  of  the  webbing. 

2.  By  using  Type  330  nylon  yam  in  the  manufacture  of 

the  webbing. 
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October  1958 


WIDC  TR  58-303 
iSTIA  l^ttnent  Ho.  AD  203525 

SUBJECT*  DETEIDPMIMT  OP  EPPBCTIVE  NQH-TOXIC  PUJORIHATSD 

FDHGICIDAL  FORMULATIONS  FOR  COTTCM  MATERIALS 
INTESTICATOR*  Charles  0.  Xeager 

J&y  0*  Oh&pis 

COHTRACTi  AP  33(6l6)-5322 

CONTRACTOR*  The  Soi^tiflo  Oil  OempooBding  Co. 

ABSTRACT*  Methods  of  fonmlatliig  2,2'«dll9drox7  5»5'*4ifliicMro- 

dlpheiqrl  sulfide  (ODIT)S)  were  investigated  with  the  purpose  of  developing 
effective  solvent  soltdtle  and  water  adsclble  fozmCLatlons  capable  of  pro¬ 
ducing  Ainglcldal  aiMi  fungloldal-water  repellrat  finishes  for  cotton 
aaterlals. 

Initial  investigations  Included  studies  tm  the  solubil¬ 
ity  of  the  fungicide  in  a  %ride  range  of  solvents  and  storage  stabUi^  of 
the  resisting  concentrated  soluticms.  It  was  necessary  to  ^nd  solvents, 
or  adxtures  of  ttese  oaterlals,  tdileh  would  dissolve  the  greatest  mBoimt 
of  the  DDPl^  and  retain  it  in  solution  for  prolonged  periods  of  tine  under 
variable  rooa  tonperature  ccmditions.  A  ocnabixaitlcni  of  hncylene  ipy^col 
with  a  Bixture  of  hexyl  aiui  aoyl  alo<^ols  ms  found  to  be  tiie  best  t&t  the 
solvent  fconulations,  U-isobutylketone  was  found  to  be  the  best  for 
wat^  enulsion  forsKiIatims.  Saiaqiles  of  a  standard  cotton  sateen  fstoic 
were  treated  %iith  oai^  experimental  fonnilatims  to  detemine  their  e^ee- 
tlv^ess  against  degradation  caused  fbngi  and  Ultraviolet  li{^t.  %e 
!S}PDS,  %dien  properly  foroailated,  was  foui^  to  be  a  r%rj  effective  fungi¬ 
cide.  Howev^,  the  compound  did  deccmiiK^se  during  extended,  accelerated, 
artificial  weathering.  Parlous  non-piSBented  anti-oxidants  and  screming 
agents  w^e  evaluated  to  counteract  this  breadc-dom  but  n^e  were  found  to 
be  idioUy  elective. 

Frelimir^kry  work  indicated  that  stabilisatieo  tiie 
OOFI^  can  be  acco]oq3lished  witti  selected  aidne  compounds.  Formulations 
utilising  the  stabilised  ^mgioide  po^ed  promising  \Aien  used  in  a  filu>ic 
material  especially  those  applied  ^om  an  aqueous  osilsion  system. 


HADC  TR  58-502  Msrdi  1959 

ASTIA  Document •Ho.  AD  210226 

SUBJECT*  NATURAL  UEATHBRINC  AMO  INDOOR  0PM  SHEIP  ^ORACm 

ElO^URE  TESTING  OF  AIR  FORCE  FAmC  MATERIALS 
INVESTIOATOR*  Uarr^  V.  ^th 

CONTRACT*  AF  33C600)-34695 

CONTRACTCUl*  South  Florida  Test  Service,  Inc. 

AB^RACnr*  Webbing  and  cloth  speoimMis  submitted  ly  Ifrig^t  Mr 

Development  Center  were  deposed  to  natural  direct  weathering  and  iiMo^  open 
shelf  storage  environment  the  South  Florida  Test  Seanrice,  Inc.  at  MiaiM, 
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Florida  for  a  period  of  twelve  (12)  months.  The  purpose  of  this  project  \»s 
to  determine  degree  of  degradation  of  the  various  samixLes  during  the  exposure 
period. 

Various  d^rees  of  degradation  were  noted  on  the  specimens 
exposed  to  natural  direct  weathering  however  none  was  noted  on  the  specimens 
subjected  to  indoor  open  shelf  storage. 


WADC  TN  59-142 


April  1959 


SUBJECT:  RESISTANCE  OF  MICROORGANISMS  TO  Hlffl  VAGCUUMS 

INVESTIGATOR:  Sam  Bakanauskas 

ABSTRACT:  A  study  was  made  to  determine  the  effect  of  prolonged 

dynamic  vacuums  on  the  viability  of  selected  spore-forming  fungi  and  bacteria. 
The  adoroorganisms  wore  exposed  to  pressures  ranging  from  1  x  10-5  to  5  x  10-7 
mm  Hg  for  periods  of  2,  4»  16  and  32  days. 

Microorganisms  used  were:  Aspergillus  niger  WADC  8, 
Aspergillus  flavus  WADC  26,  Bacillus  globigii  WADC  B5,  Bacillus  mveoides 
WADC  B8,  and  Baolllua  oereus  WADC  B(^.  With  the  exception  of  B.  cereus  WADC 
B6,  spores  of  adl  microorganisms  remained  viable  after  32  days  exposure. 


BRAZING. ALIGTS 


WADC  TR  58-4^7  January  1959 

ASTI A  Document  No,  AD  207904 
OTS  Release 

SUBJECT:  BRAZING  TITANIUM  SANDWICH  CONSTRUCTION 

INVESTIGATOR:  John  F,  Rudy 

Robert  M,  Neoheles 
Harry  Sidiwartzbart 
CONTRACT:  AF  33(616) -5357 

CONTRACTOR:  Armour  Research  Foundation 

ABSTRACT:  The  purpose  of  this  project  was  to  study  the  feasibility 

of  fabricating  titanium  alloy  face  sheet  honeycomb  sandwiches  by  brazing 
techniques,  ^e  program  was  conveniently  divided  into  several  phases:  se¬ 
lection  of  face  sheet  alloy  and  brazing  alloys,  fabrication  of  sandxd.ches  by 
various  experimental  methods,  and  mechanical  evaluation  of  the  resulting 
panels.  The  emphasis  was  {daoed  on  the  second  phase,  fabrleatlon  processes. 


WADC  TR  53-373  Sup  6 


9 


^  survey  of  possible  face  sheet  alloys  is  discussed  in 

som  detail.  Tf  result  of  tills  sm^y  was  the  decision  to  incorporate 
^ll^-Shsron*s  IKT  l6?-2  1/2A1  for  the  all*^  for  pplaary  CMinsideratlon  as 
the  face  sheet  in  the  bmzing  process  e:qseriir»ntetlon.  1m  acUiticm  to  tiie 
above  aioy,  Ite|wbllc  Steel»s  RS  I40  (5^1-2  3/4  Cr-l  l/4Fe)  was  (Aosen  as  an 
alternative  allc^  for  leasing  above  the  bote  tzansiu  (-1440®P)  of  the  ICT 
all<^.  to  asking  tiiese  selections  consideration  %»s  given  to  i^odiMsibility 
in  thto-roned  sectlcms,  B»<Aanioal  properties  at  ro<m  and  elevated  temper- 
atuxos,  and,  possibly  a«>st  Inportent,  tiie  eoapatlbility  of  tiie  heat  tes«t- 
nent  cycle  with  the  envisioned  laactlcal  bmslng  (^(de. 


u  j  ■»  svaluation  of  17  brazing  al3oys  q,s  rGP&i'ds  wAt+jcTTfiT+v 

mechanical  strength,  oxidation  npqiqtsnoo  ar^A  ^  .  refrara^  wet,tc;.bilxty, 

^  ^  resistance^  and  corrosion  resistance  resultf^ 

in  the  recommendation  of  Ag-280u-0o2Li  and  Atr-O  ?mc,^  om  it-  1  f 

Ag^28Lfo"*2LrS'®th^^f  ^  brazing  temperatoe  of^lsS^F. 

Ag-28Cu^2Li  ms  the  stronger  of  the  two.  These  two  alloys  nlus  Aa  7Gn  0  ?H 

oored^wS'a?  ?6So-l  for  bra.lng  otalflesroteo'l 

gavrtrSro^es?  joints!  Ag-70u-0,2U 


%e  process  devslops^t  {tose  centered  aroui:^  tiie  develop¬ 
ment  of  a  qtmrtz  laiqi  r»li«it  heat  toazoaent  process.  Um  details  of  the 
process,  as  used,  and  a  disousaion  of  suggested  TOdificatiras  and  improve- 
BMnts  for  appLicatim  of  the  saiM  principles  to  larga-pi'OtoctiMi  panel  fabri¬ 
cated,  are  presented.  Altiiough  the  process  dsv^opnent  esqperte^nte  were 
cdluoted  with  titanius  alloy  face  sheet  laaterlals,  the  results  are  appli- 
oable  to  sandhrl^^  panel  production  In  general.  Ihe  priomry  advantages  of 
quartz  lamp  radiant  heat  over  presdtey  used  fumace  retdt  tec^iques  have 
to  do  idtii  inherent  rapid  heating  and  cdllng  rates,  ^od  temperatin’e  uni- 
foradte^  and  brazing  time  control)  axvl  genezal  cleanliness  of  the  heat  source 
for  ataosphde  purity  purposes.  An  itraised  list  of  tiiese  advantages  is  as 
follows t 


1.  Good  temperature  cdtrol  over  a  id.de  teiq^ratwra  range. 

2.  GcntroL  over  tesq^rature  unlfondty  (or  desired  non- 
unlforsdty)  by  heatl^  apparatus  desi^. 

3.  A  oldn,  porteble  heat  source  which  can  be  i^aced 
witiiin  an  atmosphere  chasdier,  allowing  rapid  heating  of  the  speclami  direct¬ 
ly*  ^^s  eltoinates  tiie  need  for  single-shot  retorts  as  are  presently  used 
in  fbraace  brazing. 


4*  bow  equipment  odt. 

5*  Adaptability  to  Jigging  for  adequate  faying  surface 
contact  and  for  required  cmtour  (flateess  ot  airfoil  <rarvatQre). 
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6*  Possibility  for  adaptation  to  continaous  produotion,  i,  e*, 
relativa  amvesent  between  heat  source  and  panel* 

The  panels  \dilch  were  produced  by  the  fundee  retort  and  quartz 
lamp  radiant  heating  processes  were  evalmted  mechanically  and  by  exposure 
of  oQcldatlon  and  salt  spray  enylronments*  These  eyalmtlons  provided  data 
for  process  variable  and  material  decisions* 


CERAMICS 


WADC  TR  55»500  Pt  II  October  1958 

ASTIA  Document  No*  AD  203786 

SUBJECT:  AN  INVESTIGATION  OP  INFRARED  TRANSMITTING  MATERIALS 

INVESTIGATOR:  N,  J*  Kreidl  R*  A*  Weidel 

H*  C*  Hafher  £*  G.  Letter 

J*  R*  Hensler 

CONTRACT:  AF  33(616) -2769 

CONTRACTOR:  Bauseh  &  Lomb  Optical  Co* 

ABSTRACT:  A  limited  compositional  study  of  calcium  aluminate  glasses 

resulted  in  several  prototype  oompositlcms  \^loh  teive  superior  handling  and 
melting  properties  tton  those  reported  previously. 

One  of  these  compositions  was  melted  successfully  in  a  30  lb* 
melt*  Gersmnate  glasses  as  well  as  several  silicate  glasses  were  studied  on 
a  limited  basis* 


Some  meohemical  and  ch^oical  property  measurements  of  calcium 
aluminate  glasses  have  been  completed  and  are  compared  with  conventional 
glasses  * 


An  investigation  of  methods  to  inhibit  surface  deterioration 
of  oaleim  alimiinate  glasses  by  water  or  water  vapor  has  been  started* 
Methods  for  eliminating  the  water  absorption  band  at  2  *7-3*0/:  were  cdso 
studied* 


Various  methc^  for  oomi^otlng  polycrystalline  materials  were 
studied  including  cold  pressing,  hot  pressing,  controlled  freezing  and  sin¬ 
tering*  Compacts  that  transmit  considerable  InfX'ared  can  be  produced  lay 
these  methods*  Hot  pressing  seems  the  most  practical  method  for  continued 
study*  Infrared  transmitting  comi^ets  of  NaCl,  BaF2  and  MgO  have  been  pro- 
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dueed.  A  siatheiaatleal  relatlonehlp  dwM>nstrated  the  hl^  radiatlcn  leases 
in  8  eoBtpact  due  to  scstteriug  Induced  voids. 


WADC  TR  55-500  Pt  III  October  1958 

ASTIA  Docuaent  No.  AD  202842 


SUBJECTS  INVESTIGATION  OP  INFRARED  TRANSMITTING  MATERIAIS 

INVESTIGATORS  Norbert  J.  Kreldl 

Harold  G.  Hafber 
Joseph  R.  Hensler 
Robert  A.  Weidel 


CONTRACTS  AP  33{6l6)-2769 

CGNTRilCTORs  Batt8<^  &  bEmds  Optical  Co. 

ATTRACTS  nie  vater  absorptiem  band  at  2.7-3 *0^  in  calcium 

alusBli^te  glasses  is  undesirable  so  mthods  to  eliminate  it  were  studied. 
Techniques  suooessfiA  in  silicate  glasses  were  not  applicable  to  the  cal¬ 
cium  alumina  tea.  For  ^Eample^  O2O  added  to  a  silicate  glass  bat^  shifted, 
as  expected,  the  wter  absorption  band  to  approximately  3»^.  A  similar 
addition  to  a  ^Icium  aluminate  bat(A  produced  no  change  in  the  {^ition  of 
the  water  absorption  baiMl.  Techniques  were  developed  for  {o^tecting  the 
surfaces  of  calcium  aluminate  glssses  from  deterioration  water  or  wattf 
vapor.  These  glasses  were  "hardened"  conventional  techniques,  "ftirden- 
ing"  did  not  inhibit  moisture  attack. 


The  inArared  transmission  of  typical  calcium  aluminate 
glasses  changed  slightly  after  ^posure  to  1  x  107  rep  ^^urasa  radiation  fron 
a  Co^  soiffoe. 


WADC  TR  58-184  August  1958 

ASTIA  Document  No.  m  155774 

SUBJECT I  A  SURVII  OP  THE  THEORIES  CONCERNING  CERAMIC  TO 

METAL  ADHERENCE 

INVESTIGATORS  A.  S.  Ba^es,  A/Zq 

ABSTRACTS  Various  theories  have  been  offered  as  to  the  EMdsanim 

of  ceramic  coating  to  metal  bosvllng.  To  date,  however,  no  one  tiieory  has 
fu^nred  to  explain  tise  phenomen<m  adequately,  nsis  report  reviews  the 
literature  pertinent  to  the  subject. 


WADC  TR  58«275  Pt  I  October  1958 

ASTIA  Document  No.  JP  2<1SE44 

SUBJKTs  FABRICATION  OF  INKIARED  TRANSMITTING  MATERIAIS 

Ed  HOT  PIfflSSING  TECHNIQUES 
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INVESTIGATOR:  Herbert  J.  Kreidl 

Harold  C®  feftier 
Joseph  R,  Hensler 
Eugene  C«  Letter 

CONTRACT:  AF  33(616) --5123 

CONTRACTOR:  Bausch  &  Lesab  Optical  Co® 

ABSTRACT:  The  fabrication  of  infrared  transmitting  saterials  by  hot 

pressing  techniques  has  been  studied.  BaF2  was  used  as  a  model  material. 

The  temperatures  studied  ranged  fromi  600  to  1225°C  and  the  pressures  from 
1500  to  8000  psi«  The  eqid-paent  used  to  obtain  these  conditions  is  describ¬ 
ed.  The  effects  of  various  hot  pressing  atmospheres  including  nitrogen, 
helium,  argon  and  carbon  dioxide,  were  investigated.  A  study  was  carried 
out  to  identify  the  impurities  present  and  to  study  their  effects. 


WADC  TR  December  1958 

ASTI A  Document  Ho.  AD  207079 
OTS  Release 

SUBJECT:  METAL  FIBER  REINFORCED  CERAMICS 

INVESTIGATOR:  R.  S.  Truesdale 

J.  J.  Swlca 

J.  R.  Tlnklepaugh 

CONTRACT:  AF  33(6l6)-5298 

CONTRACTOR:  State  University  of  New  York, 

College  of  Ceramics  at  Alfred  University 
ABSTRACT:  Techniques  were  developed  for  the  sintering  and  hot 

pressing  of  alumina  and  alumina  containing  5  wt.  $,  10  vt.  %  and  20wt.  % 
molybdenion  fibers.  The  physical  and  mechanical  properties  of  alumina  con¬ 
taining  these  percentages  of  I/8  in.  long  0.002  in.  dia,  fibers  were 
determined  and  compared  to  those  of  the  alumina.  The  alumina  was  superior 
in  strexigth  and  impact  resistance  but  there  was  some  lndioatl<»i  that  the 
aluminas  containing  10  and  20  wt.  %  additions  of  fiber  were  superior  in 
thermal  shook  resistance.  All  alumina  sampCLes  containing  10  and  20^  ad¬ 
ditions  developed  mdorocraeks  ^ile  only  some  5%  samples  developed  these 
cracks . 


COATINGS 


WADC  TR  58-199  January  1959 
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ASTIA  Docusent  Mo*  AD  2(fi52U 


SUBJECT!  THE  IBE  OF  B^IO  MAOilSIUM  CHROmTE  PICMEHT  IH 

CORRCBION  IMHIBITING  PRIMEIB 
INVESTIGATOR!  A.  StanloF  Dalton 

ABSTRACT!  Ihe  objectlvo  of  this  work  was  to  Invostigats  toe  feaslo 

bilitF  of  using  basio  staples  ium  dirosAte  as  an  itoibitive  pip»nt  in  sistal 
primers  lAich  would  witostaisi  twsperatures  of  at  least  550®F*  A  litei^ture 
surrsF  ims  eonduoted  to  ascertain  toe  amount  of  work  pwvlouslF  done  wito 
this  {dgment*  As  a  result  of  the  references  fotmd  and  the  work  p^foiived 
as  related  herein,  it  is  concluded  toat  basic  magnesium  chromate  does  inhi¬ 
bit  corrosion  toough  not  as  efficiently  as  zinc  toraoate  at  norael  tempera¬ 
tures*  It  is,  however,  more  toermally  stable  in  toe  t0Bi»Mture  ronge  400®  - 
550®F* 


WADC  TR  58-203  July  1958 

ASTIA  Doctanent  Ho*  AD  155717 

SUBJECT!  PROTKTIVE  COATINGS  FOR  TANTAUJM 

INVESTIGATOR!  C*  Arne  Areriberg 

CONTRACT!  AF  33(6l6)-3983 

CONTRACTOR!  krmmt  Reseatrdi  Foui^tion 

ABSTRACT!  The  results  preswited  in  this  roport  cover  toe  work 

period  1  Iferch  1957  to  28  February  1958* 

The  program  was  established  to  detert^ne  toe  feasibility 
of  protective  ceramic  coatings  for  tantalum  uivler  hi^  toiqiez^tture  ani  hi^ 
air  velocity  cot^itions*  The  TOtood  of  c£»ting  1i«t  proved  to  be  TOst  practi¬ 
cal  was  toe  "Flame  C^nmics"  process* 

Since  no  single  laboratory  test  coiiLd,  at  toe  tim,  be  de¬ 
vised  to  duplicate  the  actual  coixiitlons  three  separmte  test  facilities  were 
used!  (1)  an  cacy-acetylene  cutting  tordi,  (2)  a  water  stabilized  arc  plasma, 
and  (3)  a  liquid  fuel  rocket  exhaust. 

None  of  toe  tests  were  eom|G.etely  valid  since  the  shape 
factor  of  toe  test  specimen,  toe  tiM-tmpasature  profile,  and  gas  veloci¬ 
ties  were  not  realistic*  The  tests  established  by  toe  Chisago  NLdwy  Labora¬ 
tories  using  toe  proper  gecmietry  and  feeding  toe  speclsnn  into  toe  plasma  at 
a  predetenained  rate  constitutes  a  more  realistic  approach  and  shohld  be  ap¬ 
plied  to  Miy  future  testing  programs, 

Howevw,  the  testing  program  as  carried  out  does  estab¬ 
lish  toe  feasibility  of  protective  ceramic  c<^ tings  for  tantalum,  and  points 
up  toe  improtwice  of  a  heat  sink,  particularly  at  ultratoigh  tsmpeiaturos  * 

It  particularly  points  to  the  need  for  suiditional  researto  in  tois  ar^* 
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WADC  TR  58-269 

ASTI A  Documant  No*  AD  203121 

OTS  Release 


October  1958 


SUBJECT:  HIGH  TEMPERATURE  COATINGS  FOR  CHROMIUM  HOT  WORK 

TOOL  STEELS 

INVESTIGATOR:  Elwood  B.  Norris 

CONTRACT:  AF  33(6l6)-39l6 

CONTRACTOR:  Metcut  Research  Associates  Inc, 

ABSTRACT:  Chromium  hot  vork  tool  steels  are  normally  useful  to  ap¬ 

proximately  1000® F  provided  that  they  are  protected  froa  corrosive  atmos¬ 
pheres*  A  topical  5$  chromitm  tool  steel,  Thermold  J,  was  used  to  study  the 
protective  qualities  of  various  plated,  dipped  or  sprayed  coatings*  In  ad¬ 
dition  to  investigating  the  oxidation  and  corrosion  protection,  selected 
ooatlngs  were  checked  for  their  effect  on  tensile,  stress-rupture  and  fatigue 
properties  of  the  base  metal  at  rocmi  and  elevated  temperature*  The  relative 
resistance  of  the  selected  oc»itlngs  to  abrasion  and  thermal  shock  was  also 
studied* 


from  a  corrosion  standpoint,  the  best  of  the  coatings  in¬ 
vestigated  were  Nickel -sine.  Aluminizing,  Alumiooat  and  Nickel*  Of  the  se¬ 
lected  coatings.  Aluminizing  and  Alumiooat  reduced  the  strength  of  tiie  base 
metal  because  of  the  hi^  temperatures  encountered  during  ooating.  Aluminum- 
silicone  paint  was  the  only  coating  which  did  not  significantly  reduce  the 
fatigue  strength*  Watts  nickel  had  hi^  thermal  shook  resistance*  Electro¬ 
less  nickel  had  the  best  abrasion  resistance* 


WADO  TN  58-302  May  1959 

ASTI A  Document  No.  AD  214386 
OTS  Release 

SUBJECT:  TRANSPARENT  CONDUCTING  COATINGS  OF  GOLD  ON  GLASS 

INVESTIGATOR:  Richard  E.  Pawel,  l/Lt.,  USAP 

ABSTRACT:  This  work  on  transparent  conductive  coatings  for  glass 

was  undertaken  in  order  to  determine  if  there  were  need  for  further  conside¬ 
ration  of  metallic  films  for  this  purpose*  Gold  was  deposited  by  vacuum 
evaporation  onto  glass  slides  using  several  subcoat  mateirials  in  an  effort 
to  enhance  the  desired  properties:  good  mechanical  adhesion,  high  optical 
transmittance,  and  low  electrical  resistance*  SIO,  CuO,  CaO,  Sb203,  FbO, 
GeO,  Cr203,  Sn02,  Cu-GuO,  and  MgF2  were  used  as  sv^strate  materials,  both 
the  substrate  and  the  gold  being  deposited  without  breaking  vacuum*  Of  the 
oxides  mentioned,  CuO,  and  Sn02  substrates  materially  increased  the  abrasive 
resistance  of  the  films,  however,  still  not  to  the  desired  level  of  adher¬ 
ence*  Thin  films  of  gold  could  be  produced  on  these  substrates  in  the  range 
of  50  to  70  +  per  cent  transmittance  having  resistances  from  about  10  to  150 
dhms  per  square*  In  order  to  Increase  the  transmittance  values  about  75  per 
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cent,  extr^wly  hi^  resistemo©  wluas  were  encountered*  Biia  abnormally 
sharp  <Aange  in  ttie  resistance  characteristics  is  tiiou^t  due  to  pJ^ical 
disoontinaities  in  the  film*  Similarly,  thin  films  of  Initially  hig^  trans¬ 
parency  axid  resistance  would  not  stabilize  at  elerated  tmperatto'es.  In¬ 
creasing  values  of  transmittance  were  measured  during  heat  treatment|  however, 
for  films  of  hig^  transparenoy  the  effect  was  sirall* 

In  Ihe  range  of  application  requiring  greater  than  75  per 
cent  transmittance,  the  electrical  stability  of  the  subcoated  gold  films  is 
poor  ooopared  wito  the  properties  of  doped-oxlde  films*  However,  the  dick¬ 
er  gold  ftlms  appear  more  stable  and  may  be  ai^licable  as  conductors  tdien 
very  hi^  transmittance  is  not  desired* 


vm  TR  58-493  February  1959 

i3TIA  Document  No*  209913 
OTS  Release 

SUBJECT:  DEVELOPMENT  AND  EVALUATION  OF  ROCKET  BLAST  AND 

RAIN  EROSION  RESISTANT  COMPOSITE  COATINGS  PRODUCED 
BY  FLAME  SPRAY  TKJHNIQUES 

INVESTIGATOR:  J*  R*  Galll  B.  H,  Clanqjitt 

G.  I*  Mieeler  D,  E.  German 

R*  B.  Johnson 

CONTRACT:  AF  33(616) -5284 

CONTRACTOR:  Boeing  Airj^ane  Compai^ 

ABSTRACT:  It  was  ihe  purpose  of  this  contract  to  determine  the 

feasibility  of  utilizing  mifLtilayer  coatings  to  protect  metal  surfaces  f^om 
archive  anl  corrosive  effects  of  rocket  blast  impingement*  These  coatings 
were  to  be  conpvlsed  of  two  or  more  from  tiie  group:  selal,  ceramic,  or^nio 
indmer,  and  organic  Impregnant,  with  tiie  metal  and  eeramlo  layers  being  ap¬ 
plied  by  flame  spray  techniques*  In  ttie  course  of  this  study  six  ceramics, 
four  powder  spray  metals,  two  wire  spray  metals,  four  substrate  metals,  and 
apprcndmately  sixty  organic  materials  were  cemblned  into  a  large  number  of 
different  coating  syst^ds*  These  coatings  were  subjected  to  a  wide  variety 
of  tests  culminating  with  actual  exposure  to  rocket  blast*  A  tetal  of 
twenty-^lx  different  coating  systems  were  obtained  \diioh  suoeessfully  with¬ 
stood  four  rocket  ULasts  without  significant  deterioration,  verifying  the 
feasibility  of  tols  technique*  Rie  successful  coatings  were  all  of  ttie 
spray  material-imp>egnaBt  type  with  the  most  resistant  ai»«y  mat^ials  being 
the  oeramlos* 

In  addltlcm  to  the  work  described  above,  a  limited  amount 
of  study  was  directed  toward  a  better  understanding  of  the  flame  spray  pro¬ 
cess  utilizing  the  techniques  of  microphotography,  hi^  speed  photograiiiy, 
tmA  Y-ray  diffraction,  along  with  certain  theoretical  derivations*  It  is 
felt  that  the  results  of  this  work,  although  not  of  extreie  usefulness  ly 
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themselves,  represent  a  usefol  addition  to  the  total  taiowledg©  ahomt  this  eoai- 

plicated  process* 


WADC  TR  58-545 
ASTI  A  Document  No. 
OTS  Release 


AD  209914 


February  1959 


INVESTIGATOR: 

CONTRACT: 

CONTRACTOR: 

ABSTRACT: 


SUBJECT:  RESEARCH  FOR  COATINGS  FOR  PROTECTION  OF  NIOBIUM 

AGAINST  OXIDATION  AT  ELEVATED  T®ff>ERATURES 
Enanuel  C.  Hirakis 
AF  33 (616) -5356 
Horizons  Incorporated 

Niobium  metal  and  its  edloys  should  have  a  large  number  of 
applications  at  temperatures  above  2000®F  forever  superior  strength  and  creep 
resistance  are  required*  In  order  for  such  applications  to  be  realized,  a 
method  must  be  found  for  pz^tecting  the  metal  from  the  corrosive  and  embrit^c 
tling  influences  of  oxygen  bearing  atmosjAieres *  This  work  was  orgiaally  di¬ 
rected  toward  the  development  of  a  niobium  base  alloy  \diich  would  ultismtely 
stand  exposure  up  to  2500‘*F  without  undue  chemical  or  erosive  attack  or  loss 
in  its  physical  or  mechanical  properties.  Testing  programs  were  to  be  car¬ 
ried  out  at  2000,  2300  and  2500®F  with  up  to  100  hour  exposures.  Such  alloys 
were  to  possess  ductility  and  stand  a  reasonable  amount  of  thermal  cycling, 
Midway  in  the  program,  the  testing  tempera tiure  was  restricted  to  2^0°F  and 
the  time,  ductility,  bonding  and  thermal  cycle  behavior  reqtxlrements  were  re¬ 
laxed  in  order  to  obtain  mors  useful  data  from  the  program.  The  use  of  hi^ 
temperature  coating  materials  and  methods  was  emphasized  over  alloy  develop¬ 
ment,  Coatings  were  applied  primarily  by  flame  spraying  atid  by  electroplating 
procedures.  Preparation,  testing  procedures  and  results  are  described  for 
both  the  alloy  development  and  coating  work.  In  the  alloy  work  the  oxidation 
rate  of  niobium  at  2000‘*F  was  reduced  by  about  a  factor  of  20  by  additions  of 
cerium,  chromium,  titanium,  and  aluminum.  Flame  spraying  and  electrodeposit- 
ed  coatings  were  developed  affording  protection  to  niobium  for  4^6  hours  at 
2500®F, 


CORROSION 
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ASTIA  Document  No.  AD  155762 
OTS  Release 
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SUBJECT? 

HJTESTIGATOHs  B,  Cramer 

CONTRiCT*  AF  33(6l6)-3l65 

CONTRiCTOEi  Hocketdyn©,  A  Division  of  Norlii  Awrioan  Aviation,  Inc. 

ABSTRACT?  Tedmiques  for  studying  tlie  corrosive  effects  of  rocket 

exhaust  ^ses  w^n  varioiss  material  surfaces  have  been  develop^.  n?s  de¬ 
signs  of  the  recwaronded  itans  of  test  equipment  and  tiie  iMthc^s  for  execu¬ 
ting  these  pMcedures  are  presented. 


Ihls  stti^  was  initiated  witti  an  ai»3y-sis  of  the  pi^blas 
areas?  namely,  sam^ing  of  liie  hot,  hi^  velocity  rocket  extoust  ^aes, 
uniform  "siimillaneotw"  0xpoawt&  of  a  statistlcmlly  ad^uate  nwnbor  of  speoi- 
mmSf  adequate  developn»nt  of  corrc^ion,  evaluation  of  Hxq  corrosion  d^nge 
on  the  specimens  and  statistical  evaluation  of  tiie  utility  of  toe  techniques 
and  eqtiipmnt. 


Designs  were  developed  and  diecked  out  for  a  device  capa¬ 
ble  of  providing  uniform  exposm*©  of  largo  numbers  of  specimens  to  a  single 
,  firing  of  a  solid  p-opellant  charge.  Ctae  desipi  is  presented  for  a  labora¬ 
tory  device  to  bum  small  quantities  (one  pourul)  of  propellants  under  very 
low  hazard  conditions.  Anotoer  design  wse  pres^ted  for  a  device  <^pable 
of  uniformly  exposing  72  specimens  to  aniltiple  samples  of  toe  hot,  high 
velocity  exhaust  gases  of  an  aircraft  armament  rocket. 

An  evaluation  of  the  extent  of  corrosion  damge  to  speci¬ 
mens  examined  by  the  techniques  described  in  this  report  showed?  that  ex¬ 
posure  was  uniform  from  specimen  to  specimen,  that  differences  could  be  dason- 
strated  between  different  propellants  and  between  different  siurfaces,  that 
armament  rockets  could  be  comi»red  statistically  with  iKPopellant  burned  in  a 
laboratory  Imrner,  and  timt  specimens  exposed  to  rocket  exhausts  dra*ing  air- 
flight  could  be  qualitatively  coapered  to  toe  specimens  exposed  to  propellants 
burned  in  the  laboroto^  style  test  fixture* 


WADC  TR  57-743  December  19^ 

ASTIA  Document  Ho.  AD  20^95 

SUBJECT?  DETERIORATIOH  OP  MATERIAIS  OH  OPERATIONAL  AIRCRAFT 

INVESTIGATOR?  Harold  L.  Stevens 

ABSTRACT  Deterioration  of  materials  on  operotional  aircraft  wis 

stidied  at  twenty-ei^t  Air  Force  bases  at  irarlous  locstiwis.  Findings  in- 
clttle  date  on  B»tal  oorrMicm,  pactoglng,  la^tectlve  coatings  aai  i^gus  at¬ 
tack  wito  Miptesis  on  aircraft  and  engine  corrosion.  Relation  of  deteriora¬ 
tion  to  geographical  location  is  disclosed.  Recommendations  for  deteriora- 
tton  control  are  incliaied. 
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November  1958 


WADC  TR  58-227 
ilSTIA  Dooument  No*  AD  203381 

SUBJECT:  GORBOSION  OF  ALUMINUM  AND  MAGNESIUM  ALLOYS  IN  ALCOHOL- 

WATER  SOLUTIONS,  EVALUATED  IBING  THE  RA!©OM  ASSIGNMENT 

STATISTICAL  TECHNIQUE 
INVESTIGATOR:  Harold  L.  Stevens 

ABSTRACT:  The  effects  of  metbanol-vater  and  ethanol -va ter  on  mag- 

nesitM  and  aluminum  were  investigated*  There  was  no  significant  difference 
between  the  effects  of  solutions  of  the  two  alcohols*  The  magnesium  alloys 
tested  were  more  resistant  to  alcohol-water  attack  than  were  the  alumlntm 
alley  tested*  Pore  methanol  catastrophically  destre^ed  the  magnesium  alloys* 
Coupling  aluminum  to  magnesium  accelerated  the  attack  on  both  metals  In  the 
presence  of  alcohol-water  solutions*  Increased  exposure  time  did  not  change 
the  corrosion  rates  in  any  solution* 

The  Random  Assignment  Statistical  Technique  used  in  this 
study  reduced  the  required  number  of  test  samid.e8  from  1,152  to  84*  The 
technique  is  limited  to  homogenous  populations  of  approximately  fifty  or 
more  samples  * 


CREEP 


WADC  TR  57-150  Pt  III  May  1958 

ASTIA  Document  No.  AD  155578 
OTS  Release 

SUBJECT:  effect  OF  PRIOR  CREEP  ON  MECHANICAL  PROPERTIES 

OF  AIRCRAFT  STRUCTURAL  METALS  -  Part  III:  - 
CllOM  Titanium  Alloy 
INVESTIGATOR:  Jeremy  V*  Gluck 

Howard  R*  Vooiiiees 
James  W*  Freeman 

CONTRACT:  AF  33(616)-3368 

CONTRACTOR:  The  University  of  Michigan 

ABSTRACT:  A  study  was  carried  out  of  the  effect  of  expostire  to 

elevated  temperature  creep  conditions  on  the  subsequent  mechanical  proper¬ 
ties  of  CllOM,  an  8  percent  manganese  binary  titanium  alloy*  Exposures 
were  conducted  for  times  of  10,  50,  or  100  hours  either  unstressed  or  at 
stresses  causing  up  to  3  percent  total  deformation  at  temperatures  between 
650**  and  800°F*  Specimens  were  taken  parallel  to  the  sheet  rolling  direc¬ 
tion* 
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Following  "ttie  exposures,  short~time  tensile,  conpresaion 
or  tension-tmimct  tests  were  run  at  either  rown  temperature  or  the  tmpera- 
ture  of  ^posurs.  Prior  creep-exposure  was  found  to  have  little  effect  on 
the  fracture  strength  or  ductility  in  eittier  tensile  tests  or  tension-impact 
teats.  The  original  material  had  an  abnormally  hi^  tension  yield  strength 
and  a  low  compression  yield  strengtii.  Exposure  to  temperature  alone  caused 
a  decrease  in  the  tensile  yield  strength  and  an  increase  in  tiie  compression 
yield  strength  depending  on  the  ^tposure  time  and  temperature,  and  on  the 
test  temperature.  Plastic  deforamtion  either  during  loading,  or  principally 
during  creep,  resulted  in  an  increase  in  the  tensile  yield  strength  and  a 
decrease  in  compression  yield  strength  from  the  values  established  ty 
postire  to  tfflaperature  alone,  TOiis  betovlor  ran  be  attributed  to  a  Bauscb>» 
inger-tyi»  effect. 


MADC  TR  58-63  Jfay  1958 

ASTI  A  Document  Ho,  iO  155565 
OTS  Release 


SUBJECTS  THE  ROIE  OP  SUBGRAINS  IH  Hlffi  TBffERATURE  CREEP 

INVESTIGATORS  lawrence  A,  SsepaiHl 

Jdhn  E,  Dom 


CONTRACTS  AP  33(6l6)-3860 

CONTRACTORS  University  of  California 

ABSTRACTS  Bie  role  of  the  aubgrain  structure  in  'Uie  hl^  temperature 

creep  process  is  evaluated  in  the  li^t  of  recent  experimental  and  theoreti¬ 
cal  developments  in  creep  theory.  The  origin  of  sut^reins  is  discussed,  as 
well  as  the  specific  deformation  modes  which  produce  the  variety  of  obs^^m- 
ble  svhstructssres.  The  effect  of  creep  variables  on  tiie  subgrain  development, 
sice  aiKi  struoture  is  described,  finally,  an  attcu&pt  is  made  to  analyse  the 
manner  in  which  the  suli^rain  structure  affects  creep  rate,  recovery  and  ^In 
bouj»iary  shearing.  It  is  oonclwied  that  the  contribution  of  tise  substructure 
to  high  temperature  creep  resistance  is  smll  relative  to  other  factors. 


WADC  TR  58-204  July  1958 

ASTIA  Document  No,  AD  155711 
OTS  Relrase 


SUBJ®3Tt 


INVESTIGATORS 

CONTRACTS 

CONTRACTORS 


AH  INVESTIGATION  OF  THE  RELATIONSHIP  BETNIEH 

MrCBOSTRUCTDRE  AND  CKB1P«»RDPT0RE  PROPERTIES  OP 

HEAT-RESISTANT  ALLOTS 

A,  Phillip  Coldren 

James  U,  freeman 

AF  33(6l6)-3239 

Bie  University  of  Michigan 
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ABSTRACT:  Progress  is  reported  for  an  Investigation  of  the  in¬ 

fluence  of  conditions  of  hot  working  on  the  properties  of  alloys  at  hig^ 
temperatures*  Conditions  of  working  can  be  used  to  control  micros true tu- 
ral  variations  in  a  manner  which  cannot  be  obtained  in  any  other  procedure 
and  is  capable  of  developing  structures  superior  in  properties  to  any  other 
treatment.  The  major  objective  is  to  define  the  basic  principles  involved 
so  that  th^  can  be  applied  to  the  general  problem  of  developing  optimian 
properties  in  any  alloy*  The  relatively  simple  structure  of  "A"  Nickel  is 
being  used  as  an  experimental  material  for  study  of  the  role  of  working 
for  properties  in  the  aa«worked  condition*  A-4^6  alley  is  being  used  as 
an  example  of  a  material  vdxose  properties  are  influenced  after  solution 
and  aging  treatments  by  the  conditions  of  prior  working* 

The  results  reported  cover  the  initial  surveys  of  the 
relationships  of  working  conditions  to  creep  and  rupture  properties* 
Structural  analyses  to  define  the  basic  principles  involved  were  confined 
to  preliminary  partial  studies*  The  investigation  is  being  continued  with 
emphasis  on  the  structural  studies* 


WADC  TR  58-340  October  1958 

ASTI A  Document  No*  202502 
OTS  Release 


SUBJECT: 


FATIGUE,  CREEP,  AND  RUPTURE  PROPERTIES  OF  THE 
ALLOYS  UDIMET  500,  HASTELLOY  R-235,  AND  GMR-235 


INVESTIGATOR:  F*  H*  Vitovec 

CONTRACT:  AF33(6l6)-2803 

CONTRACTOR:  University  of  Minnesota 

ABSTRACT:  Fatigue,  rupture,  and  creep  data  at  1200  and  1650°F 

obtained  under  various  combinations  of  mean  and  alternating  stress  are  pre¬ 
sented*  Tests  were  performed  under  axial  stress  on  unnotched  specimons  and 
specimens  having  a  theoretical  stress  concentration  factor  of  3*4*  The 
data  are  presented  as  S-N  curves  and  stress  range  diagrams  to  show  the  ef¬ 
fect  on  the  fatigue  and  creep  properties  of  stress  concentration,  t«apera- 
ture,  ratio  of  altemating-to-mean  stress,  and  stress  magnitude* 


DESIGN  CRITERIA 


WADC  TR  52-251  Pt  5  June  1958 

ASTIA  Document  No*  AD  155604 
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OTS  Release 


SUBJECT?  THE  COMPRESSIVE  CREEIP  BUCKUNG  OF  METAL  GOLDMNS 

fart  5  -  Cyclic  Loadiag 
IHVESTIGAIORt  A.  Rudtaick 

R.  L*  Carlson 
G*  K«  Ibnning 

COHTRACTi  AF  33(6l6)-3317 

CORTRACTORi  Battello  Jfeaorial  Institute 

ABSTRACT?  Tests  were  conducted  to  determine  the  effect  of  load  (^cl¬ 

ing  on  the  creep  buckling  b^iarior  of  metal  columns*  Two  materials  were  in> 
vestigated?  2024*-T4  aluminum  allc^  columns  with  length  to  radius  of  gyra- 
ti<m  ratios  of  81*2  and  55*7  were  tested  at  350®F  awi  450®Fj  C-UO!  titanium 
allc^  columns  having  a  length  to  radius  of  gyration  ratio  of  90  were  tested 
at  700®F  and  800®F*  The  <^cling  period  used  was  24  hoiars,  the  time  the 
load  was  m  in  that  period  was  the  variable*  In  addition  to  the  cyclic 
load  testS)  omstant  load  tests  were  coi^ucted  to  obtain  bscl%rouEd  informa¬ 
tion* 

A  linear  relationship  vaa  found  between  the  time  to  creep 
budding  under  constant  load  and  the  recip'ocal  of  the  minimum  creep  defl.ec- 
tion  rate*  nils  relationship  was  used  in  interpreting  the  (^clio  load  test 
results* 

B?e  effect  of  load  <^oling  lU'oved  to  be  dependent  upon  the 
properties  of  the  material  at  the  testing  temperature*  Two  criteria,  baaed 
upon  material  stability  characteristics,  are  set  up  to  help  classify  the 
cyclic  load  data* 


MADC  TR  52-251  Ft  VI  October  1958 

ASTI A  Document  lo*  AD  202491 
OTS  Release 

SUBJECT?  THE  COMPRESSIVE  CREEP  BUCKLING  OF  METAL  COLUMNS 

Part  VI.  Effect  of  Initial  Imperfecticm 
INVESTIGATOR?  Alfred  Rudnick 

Robert  L*  Carlson 
George  K.  Manning 
CONTRACT?  AF  33(6l6)-3317 

CONTRACTOR?  Battelle  Manorial  Institute 

ABSTR^nf?  Tests  were  conducted  to  determine  the  effect  of  the  ini¬ 

tial  Imperfection  of  a  column  on  its  creep-biuskling  ctoracteristics .  !nie 
material  used  was  6A1-4V  titanium  alloy*  Golunms  with  initial  imperfec¬ 
tions  ranging  from  L  to  L  (lAere  L  is  the  column  length)  were  tested  at 
1000  70 

tei^rature  of  750,  850  and  900®F* 
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Initial  iaparfectloa  vms  fomsd  to  infl^ono®  very  strongly 
the  creep-buekllag  b^javior  of  a  coltssin#  la  general,  a  significant  Inters 
relationship  was  fom^  to  exist  between  eolumn  load,  lifetiise,  teaperatore, 
and  laperfeotlon,  i«e*,  the  effects  of  any  one  factor  are  dependent  upon  the 
magnitudes  of  the  other  factors. 

The  time»depandent  secant--  and  tangentoaodulus  methods 
for  estimating  column  capacity  were  investigated*  It  is  shown  that  both 
estimates  can  be  either  conservative  or  nonconservative,  depending  upon  the 
temperature  and  Initial  imperfection  of  the  column* 

The  larson-Miller  tiara-temperature  parameter  technique 
was  applied  to  the  data*  The  usefulness  of  this  and  sladlar  {rarameters  for 
correlating  coltoam-creep  data  is  discussed* 


WADC  TR  58-24.6  August  1958 

ASTIA  Document  No*  AD  155863 
OTS  Release 


SUBJECT:  DETERMINATION  OF  MATERIALS  DESIGN  CRITERIA  FOR 

6A1-4V  TITANIUM  ALLOY  AT  ROOM  AND  ELEVATED  TEMPERATURES 


INVESTIGATOR:  J.  K.  ChUda 

M*  M.  Lemooe 


CONTRACT:  AF  33(6l6)-3348 

CONTRACTOR:  Southwest  Research  Institute 

ABSTRACT:  In  order  to  establish  design  criteria  on  the  6A1-4V 

titanium  alloy,  tensile,  compressive,  bearing  and  shear  properties  have 
been  determined  on  both  bar  and  sheet  material  at  temperatures  from  75  to 
1000*’F*  In  addition,  tensile  properties  of  sheet  material  were  determin¬ 
ed  after  lOO-hour  exposure  at  600,  800  and  1000®F* 


Test  results  were  compared  with  recently  established 
mlniasum  requirements  for  tensile  strength  in  order  to  derive  design  values 
for  ocmpression,  bearing,  and  shear* 


Other  profrartles  investigated  include  minimum  bend  radius 
for  105®  bend  and  notched  tensile  strength  at  temiraratrarea  from  75  to  1000® 
F,  and  torsional  properties  at  room  temperature* 


Axial  load  fatigue  characteristics  were  investigated  at 
temperatures  from  75  to  1000®F  for  both  smooth  and  notehed  specimens  at 
stress  ratios  of  0  (stress-rupture),  0*3^  1*0,  and  infinity* 

Desoriptions  of  the  test  specimens,  eqtdpment,  and  proce¬ 
dures  used  are  included*  Test  results  are  reported  in  tables  and  in  curves 
showing  the  effect  of  temperature  on  the  various  mechanical  ];a‘opertias  *  The 
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derived  design  data  and  curves  are  presented  la  a  form  suitable  for  Incliwion 
in  iWC-5. 


WADC  TR  58-365  Hovember  1958 

iSTIA  Document  Mo.  AD  206W5 
OTS  Release 

SUBJECT!  DETERMINATION  OF  TENSILE,  COMPRESSIVE,  BEARING  AND 

SHEAR  PROPERTIES  OP  SHEET  STEELS  AT  ELEVATED  TEMPERATURES 
INVESTIGATOR!  J.  Robert  Kattus 

Jan^s  B.  Preston 
Herman  L.  Lessley 
CONTRACT!  AP  33  (616) -3876 

CONTRACTOR!  Southern  Research  Institute 

ABSTRACT!  The  tensile,  ccmipresaive,  bearing,  and  shear  properties 

of  the  following  sheet  metals  were  determined  at  various  tmperatures  after 
^posure  times  of  from  1/2  hour  to  1000  hours  at  the  test  twnperaturei 

!•  A-286  austenitic  alloy,  qtten<died  and  t^spered 

2,  17-7  PH  stainless  steel,  HH950  condition 

3,  Thermold  J,  all<^  steel,  quenched  ar^  tempered 
4*  l^pe  420  stainless  steel,  quenched  and  tmpered 
5.  Type  422  stainless  steel,  quenched  az»i  tempered 
6*  17-22  A  (S)  alloy  steel,  qtwnched  and  tempered 

The  A-286  all«^  was  tested  over  a  temperature  range  froa  75°P  to  1200®P,  the 
Thermold  J  from  75«P  to  1100®P,  and  the  other  alloys  from  75®P  to  1000°P. 

In  all  of  the  test  all<^,  the  strength  properties  and 
moduli  of  elasticity  decreased  with  increasing  tempera ttu^es.  nie  strength 
I^operties  of  the  niermold  J,  Type  420,  f^pe  422,  and  17-22  A  (S)  tended  to 
decrease  by  varying  amounts  with  increasing  ^posure  times  at  ^e  hl^er 
teat  temperatures.  These  decreases  in  strength  are  believed  to  be  associ¬ 
ated  with  structural  changes  produced  by  tampering.  At  lower  temperatures, 
the  properties  of  these  matertals  did  not  vary  signifioan'tly  with  exposure 
time,  indicating  that  the  staructures  were  stable  at  those  temperatures. 

The  strength  properties  of  the  A-286  alloy  and  the  17-7  HI  (RH  950)  stain¬ 
less  varied  scaneihat  erratically  with,  increasing  esposure  times  at  the  hl^- 
er  tost  temperatures  as  a  result,  probably,  of  aging  phenomena  in  both  of  these 
preciidtation-hardening  all<^« 

The  siaple  ratio  relationships  betwera  various  properties 
under  equivalent  test  oondltions  were  approximat^y  equal  in  magnitude  and  in 
consistent^  to  those  previously  deteraiined  for  other  materials  and  reported 
in  WADC  Technical  Report  56-340,  For  'ttie  entire  ranges  of  materials  and  con¬ 
ditions  used  in  this  work,  the  consistency  of  the  various  property  relation¬ 
ships  ranged  ft*om  +  17$  to  +  71$.  Precise  data  on  the  mechanical  properties 
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of  alrcraft'-struetioml  ssat®£l&ls  om  b@  cb^iasd  oalf  by  tasting  mdsf  th@ 

desired  conditions 


WADC  TR  58»400  Jg^gy  1959 

ASTIA  Document  No«  m  208322 
OTS  Release 

SUBJECT*  MiGHAlIGAL  PEOPIBIIES  OF  17-7  PH  HD  PH  i5°7 

STAINLESS  STEEL 

INVESTIGATOR:  Alton  W«  Brisbane 

ABSTRACT:  Two  stainless  steels  inTOstigat®d  in  this  work*  17- 

7  PH  (RH-950  Condition)  and  PH  15-7  Mo,  (RH-950  and  TH-1050  Conditions), 

Tensile  stress-strain  test  results  for  the  17-7  PH  and  ■&© 
PH  15**7  Mo.  stainless  steel  are  Resented  for  ti^peratures  fr<^  room  t^pera- 
ture  to  1000°F,  Compression  ani  bearing  data  were  also  obtained  at  ro<sa 

temperature. 


A  comparison  is  made  between  these  two  stainless  steels 
and  other  materials. 


WADC  TR  58«440  Pt  I 

ASTIA  Document  No.  AD  206074 

OTS  Release 


INVESTIGATOR: 


CONTRACT* 

CONTRACTOR* 

ABSTRACT: 


SUBJECT*  TENSILE  PBOPEHIS  OF  AIlORAfT-^EUGTaiiL  IffifAIS  AT 

VARIOUS  RATES  OF  LOADING  AFTER  RAPID  HEATING 
Haywood  E.  Dedman 
Edmund  J.  Wheelahan 
J.  Robert  Kattus 
AF  33 (616) -3996 
Southern  Research  Institet© 

The  purpese  of  this  work  ms  to  emluate  the  short-tine 

tensile  properties  of  aircmft-atruetural  materials  imder  cenditioaa  of  rapid 
heating,  short  times  at  temperature,  and  moderate  to  rapid  rates  of  loading. 
*010  test  specimens  were  heated  to  the  test  tempara^es  within  ten  sec,  held 
for  periods  of  time  ranging  frm.  10  sec  to  1800  sec,  and  loaded  at  strain 
rates  from  0,00005  to  1,0  in,  /in./seo.  Major  aphasia  was  placed  on  the 
accurate  determination  of  0,2$  offset  yield  strength  and  ultlzaate  tensile 
strength.  The  modulus  of  elasticity,  percent  elongation,  proportiot^l 
limit,  and  full  stress-strain  curves  were  determined  with  scmaewhat  less  ac¬ 
curacy  but,  nevertheless,  with  sufficient  accuracy  to  establish  trends. 

Four  s teals -«.Chs?®«4few  tool  steel,  Themold-J  tool  steel, 
Peerless«56  tool  steel,  end  AM-350  jK^eclpitetion-hardaning  stainless  steel-” 


WADC  TR  53-373  Sup  6 


25 


and  641-4V  tltfuoium  alloy  vena  ftiUy  eTOloated,  tiia  ataals  beii^  tested  at 
temperatures  up  to  1200®F  and  the  Mtaniw  alloy  up  to  1000®P,  Before  being 
tested^  all  of  these  allpys  were  heat  Seated  to  hi^  strength  levels  of 
about  300,000  j^l  for  tiie  tool  steels,  200,000  pal  for  Hxm  iM-3^,  asA  Ito, 

000  psi  for  tiie  6^-4V* 

SinJlar  emluaticms,  e^ept  for  tiie  deterBlnatlon  of  ora- 
plete  steess-a train  curves,  Itfid  previous^  been  carried  out  on  seventeen 
allo;^  under  contact  iP  33(^6) -424  reportwi  in  IIADC  Te<duiic^  Report 
55-199  fturta  I,  II,  and  III,  P«p  these  allp^,  ccaapleto  stress-ateain  curves 
vez^  obtained  In  the  preset  contract  uiKler  all  test  conditions  osplt^ed  in 
the  previotw  contract, 

Ihe  test  results  show  ttot,  at  tile  lower  test  tempera tu2«s, 
tiie  strength  properties  of  the  test  alleys  tended  to  increase  sli^tly  &c  to 
renain  constant  with  increasing  strain  rates.  Hear  tiie  BSxtmiB  test  tempera¬ 
tures,  the  effect  of  strain  rate  became  much  greater,  the  strength  properties 
inerwsing  greatly  with  Incr^sing  strain  rates. 

Probably  as  a  result  of  structural  changes  associated  with 
tempering  and  idth  overaglng  tiie  strength  of  tiie  steel  alloys  decreased  %rith 
increasing  holding  times  at  1200®P,  The  tensile  properties  of  tiie  steel  alloys 
at  lower  temperature  az^  of  the  titanium  alloy  at  all  test  temperaturas  were 
not  affected  ly  wrlatioM  in  holdis^  Idme, 


WADC  TR  58-440  Pt  II  May  1959 

ASTIA  Document  No.  m  213834 
OTS  Release 


SUBJECTS  TIHSILE  PROPERTIES  OP  AIRCRAPT-3TMJCTDRAL  MITAIS 

AT  VARIOUS  RATES  OP  LOADING  AFTER  RAPID  HEATING 
J,  ^bert  lattiu 
AP  33(tt6)-3996 
Southern  Researtii  Institute 

]bi  this  report,  a  summary  and  an  analysis  ara  inresented 
of  the  results  of  five  years  of  investigation  of  the  short-tijw  t«islle  prop¬ 
erties  of  stiuctural  a^tals.  The  speoiio^as  ihat  veta  tested  in  tills  investi¬ 
gation  were  heated  tii  various  eleimted  test  tmaperatives  within  10  see,  were 
held  at  test  tenperatiire  tot  periods  of  time  from  10  sec  to  30  minutes,  and 
were  then  loaded  to  failure  at  strain  rates  f^om  0,00^5  til  1,0  in,/ln,/8eo. 


INVESTIGATORS 

CONTRiCTs 

CONTRJCTORs 

ABSTRACTS 


The  strengtii  properties  of  all  of  the  test  mtals  'tended 
to  decrease  wltii  inereasii^  “^ipezatures ,  Variations  in  holding  tine  at 
test  t«ftperatiare  had  no  sipiificant  effect  upon  the  tensile  properties  of  the 
structurally  stable  metals.  The  tensile  properties  of  the  unstable  alloys 
changed  with  variations  in  holding  time  at  certain  tempeiatures  as  a  result 
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of  tl]&e<»temp3x^turao<lep@Ment  structural  changes.  In  general^  increasing 
strain  rate  produced  increased  strength  in  the  test  metals,  the  percentage 
increases  in  strength  being  relatively  small  in  the  temperature  ranges  of 
low-temperature  behavior  and  quite  large  in  the  temperature  ranges  of  high- 
temperature  behavior.  Under  certain  conditions,  the  effects  of  time-tempera¬ 
ture  -dependent  and  strain  rate-temperature-dependent  structural  changes  were 
superimposed  upon,  and  aometimes  obscured,  the  inherent  effects  of  t^operature 
and  of  strain  rate. 


An  evaluation  of  time -temperature  and  rate-temperature 
parameters  indicated  that  short-time  tensile  properties  cannot  be  expressed 
with  a  hi^  degree  of  accuracy  as  invariant  functions  of  such  parameters. 
Nevertheless,  Illustrations  of  short-time  tensile  propesrties  as  functions  of 
the  larson-MLUer  parameter  are  quite  useful  for  general  comparisons  of  the 
strength  levels  of  various  materials  over  wide  ranges  of  conditions.  A 
duplex  method  that  was  developed  for  the  presentation  of  tensile-strength 
data  is  useful  priaerily  for  the  accurate  condensation  of  tensile  data 
over  wide  ranges  of  conditions  into  simple  one-page  plots.  Such  presenta¬ 
tions,  however,  are  not  particularly  useful  for  comparisons  among  different 
materials  or  for  extrapolations  of  tensile  data  beyond  the  experimental 
conditions. 


WADC  TR  58-672  Februaiy  1959 

ASTIA  Document  No.  AD  203664 
OTS  Release 


SUBJECT:  MECHANICAL  PROPERTI^  OF  AM350  and  AM355  STAINLESS 

STEELS 

INVESTIGATOR:  Alton  W,  Brisbane 

ABSTRACT:  In  this  report  are  presented  the  results  of  smooth  and 

notched  tension  tests  and  compression,  bearing,  bending  and  Charpy  V-notched 
impact  tests.  The  tests  were  conducted  on  two  heats  of  Alle^eny-Ludltaa 
AM-350  stainless  steel  sheet  \diich  la  a  Cr.-Ni.-Mo.  stainless  steel  harden- 
able  by  subzero  cooling  or  double  aging,  and  one  heat  of  AM-355  3/4  inch 
diameter  bar  material.  This  material  was  tested  at  room  and  elevated  tem¬ 
peratures  in  tension  plus  some  subnormal  and  elevated  temperature  Charpy 
impact  tests. 


The  material  was  given  several  heat  treatments  to  determine 
the  effect  on  mechanical  properties.  Varying  the  aging  tanperatures  had  some 
effect  on  the  straigth  properties  and  ductility. 

The  sub-zero  treatment  with  no  elevated  temperature  aging 

gives  the  maximum  strength  but  not  the  best  ducility. 

The  -1G0®F  +  950‘’F  heat  treatment  gives  the  best  ductility 
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for  this  mateidal^  as  shown  in  l^e  ©lonpition,  reduction  in  area  aid  ener^ 
absorbed  in  the  impact  test# 


ElffiTRDDEPOSIflON 


WAW  TB  58*481  December  1958 

ASTI  A  D®omient  Ho#  AD  206386 


SUBJECT!  A  HIM  LOOK  AT  THE  HIDROCIIH  01BRITTDEMEHT  OF 

CADMIUM  COATED  HI®  STRENGTH  STEBIS 
INVESTIGATOR!  Norman  M,  Geyer 

G*  William  Lawless 
Bennie  Goh^ 

ABSTRACT!  A  reliable  and  sensitive  test  procedure  for  ascerteining 

detrimental  hydrogen  embrittlement  as  a  result  of  cadmium  plating  l^s  l^en 
established*  The  l^st  consists  of  a  sustained  lidded  notched  tensile  speci- 
n»n,  loaded  at  1%  of  the  ultimate  notched  tensile  strenglJi  for  a  minimum 
of  200  hours. 


Detrimental  hydrogen  embrittlement  is  showi  to  be  dep«i- 
dent  uixHi  ■^e  steel  alloy,  the  current  efficiency  of  the  cadmium  plating 
bath,  and  the  physical  steucture  of  cadmium  coating  obtained.  Current  ef¬ 
ficient-current  density  curves  l»ve  been  obtained  for  the  conventional 
cadmium  t^nide  hath,  the  hi^  efficiency  omnium  c^nide  bath,  the  cadmium 
sulfamate  bath,  aivl  the  cadmium  fltwborate  batii. 

Cadmium  d.©ctroid.atlng  processes  for  ctdting  hi^  strength 
steel,  280,000  pal  UTS,  without  detrimental  lydrogen  embrittlement  are  given, 
Vaoutm  cadmium  metalllaed  coatings  are  also  shown  to  be  non-^brittling  to 
hi^  strength  steels. 


ENVIRONMENT 


WADC  TR  56-600  January  1959 

ASTIA  Document  No,  J)  208141 
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SUBJECT: 


S0L4R  RADIATION  AND  WEATffiS  DATA  SOUTH  CENTRAL 
NEW  MEHCO 
INVESTIGATOR:  A,  M.  Lukeas 

A*  E*  Prlace 

CONTRACT:  AF  33(6l6)»3275 

CONTRACTOR:  New  Mexico  College  of  Agriculture  aad  Mechanic  Arts 

ABSTRACT:  The  dally  recordings  of  siaximum  and  sdninum  temper atureS| 

relative  humidities ^  and  the  intensity  of  solar  radiation  on  a  surface  slant, 
ed  45®  facing  to  the  south  are  tabulated  with  the  monthly  averages  and  totals 
of  each  factor.  These  data  have  been  collected,  complied,  and  recorded  in 
connection  with  work  concerning  the  effects  of  actinic  and  biological  agents 
of  deterioration  on  Air  Force  materials.  Charts  are  included  showing  a  sum¬ 
mary  of  temperature  and  humidity  data  fr^  August  1947  throu^  September  1956 
and  solar  radiation  data  frcan  June  1951  through  October  1956, 

WADC  TR  57-173  1958 

ASTIA  Documenu  No.  AD  151190 

SUBJECT;  METEOROLOGICAL  AND  SOUR  RADIATION  DATA  COLLEGE,  ALASKA 

INVESTIGATOR:  lAa.  S.  mson 

CONTRACT:  AF  18 (600 ) -40 

CONTRACTOR:  University  of  Alaska 

ABSTRACT:  The  dally  observations  of  le^ximum  and  minimum  temperatures, 

maximum,  minimum,  and  mean  of  the  relative  humidity  with  the  approximate  time 
(Alaskan  Standard  Time)  of  the  occurrence  of  each  maximum  and  minimum,  maximum 
intensity  of  solar  radiation  and  total  radiation  received  on  a  horizontal  sur¬ 
face  and  a  surface  slanted  45®  to  the  south  are  tabulated  along  with  the  month¬ 
ly  averages  and  totals  of  each  of  these  factors  as  obtained  in  connection  with 
the  project  on  the  "Exposure  of  USAF  Materials  near  College,  Alaska."  The  tem¬ 
perature  data  in  each  year  are  represented  on  a  composite  graph*  The  monthly 
values  of  all  data  are  tabulated  in  separate  tables.  The  period  covered  is 
from  1  September  1955  through  9  March  1957, 


FATIGUE 


WADC  TR  56-127  Pt  II  May  1959 

ASTIA  Document  No.  AD  214385 
OTS  Release 

SUBJECT:  EFFECT  OF  GHMGING  CIGLIG  MODULUS  ON  BMDING 

FATIGUE  STRMGTH 
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INVESTIGATOR!  A,  A.  Hlatherwiok 

B,  J*  Lazan 

CONTRACT!  AF  33(616) -5449 

CONTRACTOR!  Univeraity  of  Minnesota 

ABSTRACT!  The  Influence  of  toe  olaerved  increasing  oyclio  nwdnlus 

in  super-purity  aluDtoum  m  stoess  distribution  in  bending-fatigue  speci- 
mns  is  discussed*  The  resulldng  stress  redistribution  is  Attained  for  toe 
various  l^pes  of  fatigue  tests  in  oomon  use*  Diffemces  in  pidd.ished 
fatigiw  data  are  partially  explained  in  the  light  of  this  strws  redistri¬ 
bution*  It  is  concluded  that  for  a  cyclic  stoiln  hardKiing  material,  s*^ 
as  hi^  purity  aluminum,  constant  strain  (or  deflection}  tests  are  iu>re 
severe  tl^n  cwistant  momnt  tests,  aM  toe  latter  in  tuni  are  more  severe 
tosm  oomtont  stress  tests*  Some  obsenrations  of  toe  devdopMnt  of  slip 
bawls  and  fatigue  cracks  are  presented* 


VMXi  TR  58“36  July  1958 

ASTIA  Document  No*  AD  155705 
^TS  Release 

SUBJECT!  mwai  dissipation  in  longitudinal  VIBRATION 

INVESTIGATOR!  C*  S.  Chang 

L.  E.  Goodman 

CCWTRACT!  AP  33(616) -2803 

CONTRACTOR!  University  of  Mlimesota 

ABSTRACT!  The  problem  of  the  longitt^nal  vibraticms  in  a  finite 

prismatic  bar  wito  a  tensiwl  viscous  damper  is  solved*  The  complete  boun¬ 
dary  value  iwoblaa  (forced  vibraldon  with  arbitrary  initial  conditions)  is 
first  split  into  two  |»rto  according  to  toe  meto<^  developed  by  MLndlin 
awl  Goodman*  One  of  tlMse  |»rt8  yields  toe  stewiy-state  solution  awl  the 
otoer  represents  a  free-vibration  problem,  which  is  toen  solved  by  the 
metood  of  Bousslnesq. 

Bicair^es  of  the  applioaldons  of  toe  general  solutions  are 
given  and  toe  amount  of  n^hanical  energy  dissipated  throu^  the  dsonper  is 
computed* 


HADC  TR  58-43  August  1958 

ACTIA  Document  No.  AD  155772 
CTS  Release 

SUBJECT!  RESEARCH  ON  HRROUS  MATERIAIS  FATIGUE 

INVESTIGATOR!  Harold  N,  Cummin^ 

Poster  B,  Stulw 
William  C.  Schulte 
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CONTRACT:  AF  33 (616) -5182 

CONTRACTOR:  Curtias-Wright  Corporation 

ABSTRACT:  Three  a todies  of  the  effect  of  fatigue  stressing  on  steel 

R.  R.  Moore  rotating  beam  specimens  were  made,  -  (1)  ^e  rate  of  propagation 
of  fatigue  cracks,  (2)  the  effect,  on  fatigue  strength,  of  surface  hardening 
by  shot  peening  and  plating,  by  carburizing,  and  by  idtrlding,  and  (3)  the 
transverse  properties  of  SAE  4340  steel.  An  equation  is  proposed  expressing 
fatigue  crack  length  as  a  function  of  fatigue  life.  The  increased  strength 
produced  by  surface  hardening  is  indicated  aiul  certain  limitations  on  the 
use  of  Prot  method  testing  are  incidentally  brou^t  to  li^t  and  discussed. 
Soma  decrease  in  transverse  strength  as  compared  with  longitudinal  strengtiti 
is  revealed  and  discussed  for  rolled  and  forged  SAE  4340  steel. 


WADC  TR  58-69  Pt  I  June  1958 

ASTI A  Document  No.  AD  155687 
OTS  Release 


SUBJECT:  ON  STRESS  INTERACTION  IN  FATIGUE  AND  A  CDMffUTIVE 

DAMAGE  RULE  -  Part  I  -  2024  Aluminum  and  SAE  4340 
Steel  Alloys 

INVESTIGATOR:  Alfred  M.  Freudenthal 

Robert  A.  Heller 


CONTRACT:  AF  33(616) -3982 

C0NTRA3T0R:  Columbia  University 

ABSTRACT:  The  object  of  this  investigation  was  to  determine  the 

effects  of  stress-interaction,  under  randomly  varied  exponentially  distrib¬ 
uted  stress  amplitudes  representing  gust  and  maneuver  loads  on  aircraft 
wings,  on  the  fatigue  life  of  smooth  2024  aluminum  and  SAE  4340  steel  alloy 
specious.  On  this  basis  a  quasi-linear  cumulative  damage  theory  supported 
by  numerous  test  results  is  developed.  The  lack  of  slgnlf loanee  of  the  con¬ 
ventional  endurance  limit  under  random  loading  is  demonstrated. 


The  tests  were  performed  on  specially  built  rotating 
bending  random  load  fatigue  machines. 
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CONTRACT: 

CONTRACTOR: 


VARIOUS  ASPECTS  OF  THE  DISTRIBUTION  OF  FATIGUE  LIVES 
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Columbia  University 
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ATTRACT  I  The  report  deals  witti  the  following  aspeots  of  the  aap^ 

totlc  probability  function  of  llodted  anallest  values  that  la  being  used  for 
the  representation  and  Interpretation  of  both  constant  stresa-asplitude  and 
randan  fatigue  tests  and  for  the  estimate  of  the  alnlBum  fatigue  life: 

(a)  Transformaticm  of  ttie  probability  fUnotima  for 
large  values  of  the  scale  paKuseteri 

(b)  Probability  fbnction  for  the  relative  life  defined 
as  the  fatigue  life  divided  ly  the  otozacteristic  ^luei 

(c)  Relation  between  scale-pamiBeter  az^  «r<ri<«iin  llfe| 

(d)  Nomograms  for  the  rapid  estia^tlon  of  the  paranwtera 
of  'tile  probability  function. 
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ASTIA  Document  No,  AD  155851 


STOJlCTj  HEAT  TREATMENT  RESPONSE,  MECHANICAL 

PROPERTIES  AND  STABHITI  OF  TITAHIDM  SHEET  ALLOTS 
INVESTIGATORi  E,  A,  Sticha 

P.  W,  Rlch«ds 


CONTRACT!  AP  33(616)3586 

CONTRACTOR!  Crane  Co, 

ABSTRACT!  Tensile  and  bend  test  data  indicate  'U^t  the  three  titanium 

sheet  alloys  studied  in  tills  Investigation  have  fomability,  idien  soluticm 
treated  and  quendied  from  an  intermediate  temperature  in  the  alpha-beta  ptose 
field,  equal  to  or  better  'tiian  aimealed  materials  of  'these  same  oonpositions, 
Formability  is  not  likely  to  be  improved  by  heating  to  moderate  tasperature 
but  less  power  would  be  requirol  fen*  forming.  Best  ductility  la  eichibited 
by  tile  alleys  of  low  interstitial  content,  Composltioos  with  tile  greatest 
total  alloy  content  give  the  hipest  strength  and  lowest  ductility. 


It  is  possible  to  obtain  hi^  stroigth  with  satisfactory 
dttctUi'fy  ly  application  of  a  solution  tr^t,  quench  a^  age  type  of  heat 
treatiaent  to  these  alloys,  IQie  heat  treatment  for  optimum  properties  varies 
with  the  interstitial  oontmt  azkl,  possibly,  with  nature  of  tiie  interstitial 
elaaoi'ts.  However,  the  interstitial  elonents  seoa  to  contribute  to  strengtii 
properties  without  detracting  from  ductility  in  the  heat  treated  alleys. 

The  solution  temperature  for  maximum  strength  with  satisfactory  ductili^  is 
sometimes  tiie  same  as  that  for  maxisRim  formabilily.  Strain  InAuences  re¬ 
sponse  to  tiie  subsequent  aging  treatment  and  results  in  properties  tiiitii 
suggest  overaging. 


Short-time  strengtii  decreases  with  increasing  temperature 
and,  someidiat  ancnmlously,  so  do  duotlll'ty  values.  The  effect  of  interstltl- 
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al  elements  persists  at  high  temperatures.  The  materials  exhibit  rather  good, 
creep  resistance  at  800F  with  Ti:  6A1:  alloy  having  the  hipest  strength 

and  the  Ti:  4  Al  complex  alloy  tiie  lowest.  This  is  the  same  order  of  strength 
as  determined  by  elevated  temperature  tensile  testing.  Exposure  at  800F  may 
produce  some  embrittlement  in  the  Ti:  6A1:  4  V  alleys  and  the  high  interstiti^. 
al  Ti:  4  Al  complex  alloy  but  the  results  are  not  conclusive® 


WADC  TR  58-214  Jidy  1958 

ASTIA  Document  No,  AD  155738 
OTS  Release 

SUBJECT:  EFFECT  OF  STATIC  PRESTRAIN  ON  THE  PROT-FATIGOE 

PROPERTIES  OF  UNNOTCHED  AND  NOTCHED  MATERIALS 

AT  ROOM  AND  ELEVATED  TEMPERATURE 
INVESTIGATOR:  F.  H.  Vitovec 

CONTRACT:  AF  33(6l6)-2803 

CONTRACTOR:  University  of  Minnesota 

ABSTRACT;  A  study  was  conducted  on  the  effect  of  short  time  and 

creep  preatrain  on  the  fatigue  properties  of  unnotched  and  notched  specimens 
of  the  alloys  7075-T6  extruded,  2024”T4  extruded,  16-25-6  hot-cold-worked, 
and  S-816  solution  treated  and  aged.  Fatigue  properties  were  determined  using 
aProt-type  test  with  a  single  loading  rate  of  0,01  psi  per  cycle.  The  un¬ 
notched  and  notched  specimens  were  prestrained  at  test  temperature  and  then 
immediately  subjected  to  a  Prot-type  fatigue  test  at  the  same  tempera ttxre 
And  in  the  same  testing  machine.  The  test  temperature  for  the  short  time 
prestrain  and  creep  prestrain  respectively  were  75  and  300®F  for  7075-T6, 

300  and  500®F  for  2024-T4,  1200°F  for  16-25-6,  and  1500®F  for  S-816.  Short 
tiara  prestrains  up  to  10  percent  were  applied.  Stresses  used  for  the  creep 
prestrains  corresponded  to  those  which  produced  rapture  in  100  to  200  hours 
at  test  temperature. 

The  main  factors  influencing  the  Prot-failure  stress  were 
residual  stresses,  metallurgical  reactions,  and  cracks  produced  by  prestrain¬ 
ing,  Strain  hardexiing  and  relaxation  of  residual  stress  appeared  to  be  of 
secondary  importance  for  tixe  materials  and  range  of  testing  variables  in¬ 
vestigate  . 
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SUBJECT:  THE  EFFECT  OF  METALLURGICAL  VARIABLES  OH  THE  FATIGUE 

PROPERTIES  OF  AISI  4340  STEEL  HEAT  TREATED  IN  THE 
TENSILE  STRENGTH  RANGE  260,000-310,000  PSI 
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INVESTIGATORS  James  Fisher  &  J,  P.  Sheehan 

CONTRAOTs  AF  33(6a6)-3299 

CONTRACTORS  Armour  Research  Foundation 

ATTRACTS  li^t  heats  of  AISI  4340  were  xMlted  sereral  different 

methods  in  an  effort  to  produce  a  mriety  of  nonmetallic  inclusions.  The 
fatigue  properties  of  tJiese  steels  were  studied  at  the  260,000-310,000  pel 
strength  lerel  hy  the  rotating  beam  method  using  both  standard  aod  <^lindrl- 
oal  R.  R,  Moore  specimens.  The  endurance  limits  were  determined  by  the  Prot 
Mthod  and  by  the  constant  stress  method.  It  was  found,  after  a  study  of 
the  size  of  the  nonmetallic  inclusions  in  each  heat,  that  a  fair  correlation 
existed  belween  the  mean  width  of  the  largest  inclusions  and  the  ratio  of 
eidurance  limit  to  ultimate  tensile  strength.  The  smaller  the  mean  diameter 
of  Inclusions,  the  higher  the  endurance  liait/tensile  strength  ratio. 

Experiments  were  also  performed  in  an  effort  to  detennlne 
the  effect  of  reducing  the  aoK»uht  of  retained  austenite  and  dissolved  l^dro- 
gen  and  nitrogen  on  the  fatigue  properties.  Ho  effect  was  observed,  possibly 
because  of  the  overriding  influence  of  lar^  inclusions  in  the  heat  tested. 
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ASTI  A  Document  No.  AD  206384 
OTS  Please 

SUBJECT I  INVESTIGATION  OP  STATIC  AND  FATIGUE  STRENGTH  OF 

METALS  SUBJECTED  TO  TRIAXIAL  STRESSES 
INVECTIGATORi  William  Lehrer  &  Harry  Schwartzbart 

CONTRACTS  AF  33(6l6)-3237 

CONTRACTORS  Armour  Research  Foundation 

ABSTRiUCTs  The  objectives  of  this  program  weres  (l)  the  determination 

of  the  effect  of  triaxial  stresses  on  fracture  in  static  and  dynsimic  loading 
and  (2)  determination  of  the  brittle  fracture  strength  of  metal  in  the  absence 

of  any  preceding  plastdo  flow.  To  achieve  these  objectives,  use  i»8  made  of 
a  opposite  brazed  specimen  consisting  of  a  thin  disk  of  soH  metal  betwe«i 
(flinders  of  hard  metal.  When  a  load  is  applied  to  the  brazed  bars,  a  tri¬ 
axial  stress  coniition  is  created  due  to  the  plastic  restraint  on  the  metal 
ly  the  harder  steel  cylinder  Interfaces. 

Although  base  metals  of  mild  steel  and  4340  steel,  and 
filler  metals  of  lead,  oahnlun,  and  silver  were  utilized,  slgnlfioant  data 
were  obtained  only  with  the  silver  filler  metal  ai^  4340  base  metal. 

Experimental  procedures  and  equipment  were  developed  for 
producing  sound  and  voidless  brazements  over  a  range  of  joint  thicknesses 
for  accurately  measuring  joint  thickness  and  for  deteimlnixig  the  tensxle 
and  fatigue  properties  of  such  braz^ents  with  a  mininnm  of  scatter. 
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The  static  tensile  strength  of  silver  butt  brazements  in 
4340  steel  increases  with  decreasing  joint  thickness  because  of  increasing 
triaxiality  of  stress,  reaches  a  maxiBiUB  at  a  Joint  thickness  of  -1.5  x  10*^ 
in.,  and  falls  to  a  relatively  constant  value  of  26,000  psi  at  thicknesses 
less  than  4  x  10**^  in.  The  maxlBusi  strength  is  greater  than  110,000  psi, 
some  7  1/2  times  the  strength  of  cast  silver  in  unieodal  tension.  The  uitl» 
mate  tensile  strength  of  pure  cast  silver  has  been  determined  to  be  approxi¬ 
mately  15,000  psi. 


The  fatigue  life  of  silver-brazed  butt  Joints  in  4340 
steel  increases  continuously  with  decreasing  Joint  thickness  for  both  fluctu¬ 
ating  tension  and  completely  reversed  axial  loading  over  the  entire  range  of 
Joint  thicknesses  investigated,  3  x  10*4  in.  to  1.8  x  10-2  in.  Also  determined 
and  included  with  these  data  are  the  fatigue  properties  of  pure  cast  silver  to 
simulate  the  Infinitely  thick  Joint. 

Relationships  between  the  appearance  of  the  fracture  sur¬ 
faces  and  the  mechanical  properties  are  drawn,  there  possible. 
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SUBJECT:  A  SYSTEM  FOR  AUTOMATIC  PROCESSING  OP  FATIGUE  DATA 

INVESTIGATOR:  A.  J.  Belfour 

W.  S.  Hyler 

CONTRACT:  AF  33(6l6)-3300  and  AF  33(6l6)-3301 

CONTRACTOR:  Parsons  Corporation  and  Battelle  Memorial  Institute 

ABSTRACT:  This  report  presents  and  discusses  a  system  for  coding 

of  fatigue  information  on  IBM  cards  for  subsequent  automatic  processing  of 
the  data.  Certain  codes  are  needed  for  some  types  of  entries;  the  design 
and  preliminary  development  of  these  codes  are  Included. 


The  card  system  devised  will  pexmlt  coding  not  only  the 
basic  fatigue  information  (stress  and  lifetime)  but  also  pertinent  infonaa- 
tlon  describing:  (1)  the  basic  material  and  fabrication,  (2)  mechanical 
properties  of  the  materials,  (3)  specimen  design  and  methods  of  preparation, 
and  (4)  type  of  test  and  associated  testing  procedure.  The  system  is  use¬ 
ful  in  coding  information  from  basic  fatigue  studies  of  materials  as  well  as 
component  and  structural  fatigue  studies. 
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SUBJECT! 


ORAIH  SIZE  OTICTS  OH  PATIGDI  MB  THEIR  RELATIOTSHIP 
TO  NOTCH  GKJMETIff,  STRKS  GEADIIHT  AND  SIZE  OP  SPECIMENS 
IH¥ESTIGATORs  P.  H.  Pitovee 

CONTRACTS  AP  33(616)5449 

CONTRACTOR  I  Ifelverslty  of  Minnesota 

ABSTRACTS  A  study  m.a  conducted  m  tlie  effect  of  grain  size,  size 

of  specimen  awi  stress  grailent  on  the  direct  stress  fatlgiw  strength  of  a 
2*5  ^“fflagnesium  alloy  at  room  temperature*  Speolawns  willi  three  different 
grain  sizes  and  seven  different  notch  sizes  were  used  in  tiiis  Investigation, 
The  data  are  amlyzwi  with  regard  to  relationships  between  grain  size,  size 
of  notch,  ralatlve  stress  gradient,  stress  gradient  per  grain,  and  theoreti¬ 
cal  strength  of  notched  specimens* 


WADC  TR  58-570  Ifay  1959 

ASTIA  DcMSuront  No*  AD  214383 
OTS  Release 

SUBJECT!  THE  RANDOM  VIBRATION  OP  ELASTIC  STRINGS— THEORETICAL 

INVEOTIGATOR!  Rlcterd  H*  lywi 

CONTRACT!  AP  33(616)5426 

CONTRACTOR!  Italverslty  of  Minnesota 

ABSTRACT!  The  response  of  a  perfectly  flMcible  string  with  longi¬ 

tudinal  deformation  to  random  excltetion  is  stiidied  in  son»  detail.  The 
equations  of  motlcm  are  essentially  those  of  Caraier  (^sart*  App*  Math*,  2* 
157-165),  The  imjdified  moan  square  response  for  tiie  "elastic"  strings  is 
discussed  and  it  is  shown  ttiat  the  mean  square  deflection  is  di]id.nlshed 
from  the  linear  case,  Ftm  a  study  of  the  fourth  mcments,  it  also  appears 
that  the  shape  of  lo'otebllity  dlsteibutions  of  the  transverse  displaceis^nt 
are  alter«i,  the  response  to  Russian  noise  being  in  general  non-gat:sslan. 


FUELS 
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ABSTRACT;  The  Emeryville  Research  Center  of  Shell  Development 

Company  has  continued  the  investigation  of  the  effects  of  environment  and 
composition  on  the  thermal  and  radiation  stability  of  jet  fuels.  During 
the  past  year  the  major  effort^ has  been  devoted  to  the  study  of  radiation 
damage  as  a  function  of  dosage  and  fuel  composition.  The  relation  between 
most  properties  and  log  dosage  follows  an  exponential  curve  in  the  range 
10’7-1CF  r,  but  the  thermal  stability  undergoes  a  sinusoidal  type  of  change, 
the  greatest  degradation  occurring  at  10*7  r  or  below  with  an  improvement 
over  base  occurring  at  about  lO^r,  followed  again  ly  degradation  at  higher 
dosages.  An  apparent  nsjor  degrading  effect  of  combined  neutron-gamma  flux 
(in  3PT)  now  appears  to  be  mainly  due  to  the  gamma  flux  level  and  to  solu¬ 
tion  of  iron.  The  latter  (and  also  copper)  has  a  marked  degrading  effect. 

Some  antioxidants  and  dispersants  have  been  found  to  have 
a  beneficial  effect  on  thermal  stability  even  after  storage,  but  the  effect 
of  radiation  has  not  yet  been  completely  determined.  It  appears  that  metal 
deactivators  (in  a  metal-containing  fuel)  cannot  be  relied  upon  to  eliminate 
the  adverse  effect  of  the  metal  on  thermal  stability. 

In  view  of  the  degrading  effect  of  aromatics  on  thermal 
stability,  a  completely  saturated  fuel  seems  to  be  the  best  choice  for  a 
fuel  to  be  used  in  a  radiation  environment,  although  there  is  some  evidence 
that  fuels  containing  a  high  proportion  of  rings  should  be  avoided. 


GRAPHITE 
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SUBJECT:  STUDY  OF  THE  MECHANISM  OF  FAILURE  OF  ROCKET  MATERIAIS 

INVESTIGATOR:  Yehuda  Baskin 

Thongs  A.  Greening 
CONTRACT;  AF  33(616)-3925 

CONTRACTOR;  ilrmour  Research  Foundation 

ABSTRACT;  Twenty-five  different  materials  were  evaluated  as  nozzle 

inserts  in  rocket  motors  utilizing  typical  solid  propellants.  Evaluation  of 
each  material  consisted  of  its  exposure  to  the  high  temperature  sonic  gas 
flow  of  solid  propellant  engines  under  conditions  of  high  internal  chamber 
pressure  for  relatively  short  periods.  Some  of  the  nozzle  materials  were 
incorporated  in  subsequent  trials  at  various  combinations  of  chamber  pressure 
and  duration.  Unfired  and  fired  nozzles  were  examined,  utilizing  x-ray  dif- 
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fraction,  microscopic,  chemical,  metallograpiiic,  and  other  analytical  techniques. 
Chemical  changes  taking  place  in  tJie  nozzle  as  a  consequence  of  firing  are 
described.  The  mechanisms  considered  responsible  for  deterioration  of  the 
various  nsiterials  are  discussed  in  detail. 
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iSTIA  Document  No.  AD  207779 

SUBJECT;  STUDY  OF  THE  MECHANISM  OF  FAIUJRE  OF  ROCKET  MATERIAIS 

INVESTIGATOR;  Yehuda  Baskin 

Thomas  A,  Greening 
CONTRACT;  AF  33(6l6)-3925 

CONTRACTOR;  Armour  Research  Foundation 

ABSTRACT;  Twenty-five  different  materials  were  evaluated  as  nozzle 

inserts  in  rocket  motors  utilizing  typical  solid  propellants,  Ivalmtion  of 
each  Bfiterial  consisted  of  its  ejcposure  to  the  high  temperature  sonic  gas 
flow  of  solid  propellant  engines  under  conditions  of  high  internal  cheusber 
pressire  for  relatively  short  periods ,  Some  of  the  nozzle  materials  were 
Incorporated  in  subsequent  trials  at  various  combinations  of  chamber  pressure 
and  duration,  Uhfired  and  fired  nozzles  were  scamined,  utilizing  x-ray  dif¬ 
fraction,  microscopic,  chemical,  metallographic,  and  other  analytical  tech¬ 
niques,  Wear  parameter  data,  shadowgraphs,  and  macrophotographs  are  presented. 
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ASTIA  Document  No.  AD  204216 

SUBJECT;  FURTHER  STUDIES  OF  GRAPHITE-BASED  MATERIAIS  FOR 

HIGH  TEMPERATURE  APPLICATIONS 
INVESTIGATOR;  M,  Janes 

CONTRACT;  AF  33(616) -3537 

CONTRACTOR;  Natioi^l  Carbon  Company 

ABSTRACT;  Recent  aerodymmlc  developments  require  a  material  %hich 

will  endure  under  conditions  of  high  heat  flux,  with  consequent  high  surface 
temperatures  and  high  velocity  flow  of  an  oxidizing  gas  relative  to  a  body 
of  the  material.  Surface  temp)erature  rise  may  be  quite  rapid  so  that  the 
material  must  possess  resistance  to  thermal  shock.  Graphite  has  outstanding 
high  temperature  strength,  a  hi^  sublimation  ten^jeiature,  and  excellunt 
thermal  shock  resistance  in  compjarison  to  other  agglomerate  bodies.  However, 
it  is  quite  reactive  with  oxygen,  or  other  oxidizing  gas,  at  hi^  tempei«tures 
and  high  relative  gas  flow  rates, 

Hals  repjort  simm»rizea  the  results  of  a  6-month  period  of 
a  continuing  program  to  study  the  behavior  of  graphite-  or  carbon-based  ma¬ 
terials  under  conditions  of  ajcposure  to  hi^  heat  flux  with  consequent  high 
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surface  temperatures  at  high  relative  gas-flow  rates  of  an  oxidizing  gas. 
Materials  which  showed  promise  in  earlier  work  previously  reported  have  been 
more  intensively  studied  and  tested  at  higher  relative  air-flow  rates.  Car¬ 
bon  and  graphite  materials  prepared  with  normal  variations  in  carbon  technol¬ 
ogy,  such  as  the  raw  materials  for  filler  component  and  binder,  particle  siz¬ 
ing,  method  of  forming,  etc.,  continue  to  show  relatively  minor  differences 
in  oxidation-erosion  rate,  ^feterials  of  promise,  even  under  the  relatively 
more  severe  conditions  of  air -flow  rata,  include  graphite  coated  with  pyro¬ 
lytic  carbon,  grajhite  impregnated  with  AIF3,  and  grajAiite  coated  with  sili¬ 
con  carbide  or  silicon  nitride#  Combinations  of  graphite  with  carbides,  such 
as  boron  carbide  and  silicon  carbide,  with  the  carbide  incorporated  throughout 
the  body,  show  substantially  improved  oxidation-erosion  resistances  at  the 
more  severe  conditions  of  high  relative  air-flow  rate.  However,  comparatively 
poorer  behavior  is  to  be  anticipated  at  surface  temperatures  above  about  1700°C. 
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OTS  Release 

SUBJECT;  GRAPHITE  TECHNOLOGY 

INVESTIGATOR;  Samuel  W.  Brads treet 

CONTRACT;  AF  33(616) -5185 

CONTRACTOR;  Armour  Research  Foundation 

ABSTRACT;  The  two-fold  pvurpose  of  this  investigation  has  been  to 

correlate  the  properties  of  small,  multicrystalline  graphite  specimens  with 
the  factors  believed  to  Influence  them,  and  to  assess  the  probability  that 
graphite  can  conform  to  engineering  specifications. 

The  technique  of  differential  thermal  analysis  was  found 
applicable  to  investigating  binder  pyrolysis.  Three  promising  binder  materials 
were  selected  for  future  work;  c<»i-tar  pitch,  furfuryl  alcohol,  and  phenol- 
benzaldehyde , 

The  most  illviminating  properties  of  experimental  mixtures 
were  found  to  be;  apparent  (water  immersion)  density,  dyi^mic  (sonic)  modu¬ 
lus,  volume  electrical  resistance,  and  flexural  strength.  Measurements  of 
modulus,  strength,  and  thermal  expansion  have  been  carried  out  to  temperatures 
exceeding  the  creep  threshold  of  graphite,  between  2100  and  2250°C, 

Solvent  mixing  techniques  for  insuring  homogeneous  distri¬ 
bution  of  the  binder  were  found  to  improve  reproducibility,  in  all  cases  some 
change  in  the  rheology  of  the  system  was  observed  with  time.  Maximum  density 
and  strength  in  pitch-bonded  coke  was  achieved  after  "aging"  the  mix  at  125®C 
under  partial  vacuum.  Maximum  density  consistent  with  good  thermal  shock  re¬ 
sistance  was  obtained  by  adding  Thermax  to  the  coke  flour.  With  14  percent  by 
weight  of  Thermax  specimens  were  made  having  densities  exceeding  1,8  gm/cc 
with  room-temperature  strengths  of  about  2500  psi. 
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I^amic  flexural  moduli  were  measured  for  specimens  heated 
and  cooled  between  room  temperature  and  2650®C  •  Specimens  cut  from  a  block 
of  commercial,  impregnated,  molded  graphite  increased  175  percent  in  flexural 
strength  when  heated  to  2000®C,  Such  heating  caused  a  significant  pemftnent 
change  in  dimension,  modulus,  and  volume  resistance. 

It  is  concluded  that  small  graphite  specimens  can  be  made 
to  conform  to  engineering  specifications. 


GREASES 


WADC  TR  56—608  June  1958 

ASTIA  Document  No.  AD  155582 

SUBJECTS  SIMULATED  TROPICAL  STORAGE  CHARACT1RI3TIDS  OF 

AIRCRAFT  GREASES 

INVESTIGATORS  Herbert  Schwenker 

Howard  D,  C.  Hill 

ABSTRACTS  This  study  \ms  initiated  to  determine  the  tropical  storage 

life  of  representative  specification  greases.  Samples  of  lliese  mterials 
were  stored  in  one  pound  cans  at  a  temperature  of  85®  +  5®P  and  at  a  relative 
humidity  of  95%  +  5%  for  periods  of  time  up  to  three  years.  These  conditions 
were  selected  as  reia*esantlng  the  average  storage  conditions  occurring  at 
tropical  USAF  depots  or  tactical  field  storage  from  year  to  year.  Samples  of 
each  of  the  greases  stored  were  evaluated  prior  to  storage  and  at  regular 
twelve  month  intervals  thereafter. 

Tests  indicate  that,  of  the  four  representative  specification 
greases  evaluated  (Specifications  MII-G-3278,  MIL-L-3545,  MIL-L-to32,  and  MIL¬ 
L-7711),  only  the  MIL-L-3545  and  MIL-L-Tn.1  greases  maintained  specification 
requirements  throughout  toe  three  year  tropical  storage  period.  However,  toe 
standard  specification  grease  containers  were  inadequate  for  direct  exposure 
to  tropic  conditions. 


WADC  TR  58-288  Pt  I  August  1958 

ASTIA  Document  No,  AD  155855 

SUBJECT;  DEVELOPMENT  OF  HIGH  TEMPERATURE,  HEAVY  LOAD-CARRYING 

GREASES 
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INVESTIGATOR:  Robert  K.  Smith 

William  Eismann,  Jr. 

CONTRACT:  AF  33(616) -5156 

CONTRACTOR:  E.  F.  Houghton  &  Company 

ABSTRACT:  The  object  of  this  study  has  been  to  develop  greases  which 

are  capable  of  lubricating  heavily  loaded  (50»000  to  75,000  psi.)  -  rod  ends, 
pulleys,  anti-friction  bearings,  sliding  surfaces  of  hinge  components,  gear 
boxes,  and  plain  bearings  subjected  to  oscillatory  motion.  The  temperature 
range  over  which  these  greases  are  to  operate  is  from  -65®F  to  425°F. 

Greases  were  prepared  from  both  conventional  and  recently  developed  silicone 
and  ester  oil  base  fluids  thickened  by  Bentone  38  or  aryl  substituted  urea 
materials.  Various  blends  of  these  base  fluids  have  been  formulated  into 
greases  to  obtain  optimum  lubricity,  thermal  stability  and  good  low  tempera¬ 
ture  characteristics, 

A  number  of  silicone  oils  were  heat  treated  with  a  wide  range 
of  metal  salts  in  an  effort  to  improve  one  or  more  of  the  above  properties. 
Greases  prepared  from  the  treated  fluids  did  not  show  any  significant  improve¬ 
ment  over  those  greases  made  with  the  untreated  base  fluids. 

The  incorporation  of  commercially  available  extreme  pres¬ 
sure  additives  resulted  in  excessive  corrosion  at  high  temperatures.  In  order 
to  meet  the  heavy  load-carrying  requirements,  a  new  class  of  extreme  pressure 
additives  has  been  developed  based  on  pentachlorobenzene  thiol  and  pentachloro- 
mercapto  acetic  acid  and  their  respective  derivatives. 

Several  of  these  derivatives  in  3  to  6/&  concentration 
tripled  the  load-carrying  capacity  of  silicone  and  silicone-ester  base  fluid 
greases  as  shown  by  Mean  Hertz  Load  values  as  high  as  98, 

WADC  TR  58-288  Ft  II  May  1959 

ASTIA  Document  No.  AD  214615 

SUBJECT:  DEVELOPMENT  OF  HIGH  TEMPERATURE  HEAVY  LOAD-CARRYING 

GREASES 

INVESTIGATOR:  Robert  K.  Smith 

William  Eismann,  Jr, 

CONTRACT:  AF  33(616) -5156 

CONTRACTOR:  E.  F,  Houghton  &  Company 

ABSTRACT:  The  purpose  of  this  study  was  to  develop  high  temperature 

greases  capable  of  lubricating  heavily  loaded  surfaces  moving  against  each 
other  in  sliding,  oscillatory,  rolling  and  rotational  motion.  Examples  of 
such  surfaces  are  found  in  actuators,  gimbal  rings,  rocket  devices,  control 
mechanisms,  hinge  pins  and  rod  end  bearings. 

The  development  of  an  extreme  pressure  grease  with  a  -65°F 
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to  425°F  operating  rapabili%  was  completed.  Two  arjlurea  ttiickened  greases 
have  successfully  completed  all  the  pai^meter  screening  tests.  One  grease 
contains  a  meliiyl  jiienyl  silicone  base  fluid  \diile  "Uie  other  has  a  blended 
base  fluid  of  a  methyl  jAiei^l  silicone  with  a  high  molecular  weight  ester  oil, 
PentachlorojiiejQrl  mercapto  acetic  acid  is  the  extreme  pressure  additive  util¬ 
ized  in  boHi  greases.  Functional  testing  is  now  being  conducted  in  heavily 
loaded  bearings  and  actuators. 

Work  was  initiated  to  obtain  exteeme  pressure  grease  systems 
capable  of  operating  in  the  temperature  ranges  of  -40  to  500®F  and  0  to  600°F. 
Presently  -Uiere  is  no  oil  commercially  available  \Aiich  will  operate  success¬ 
fully  for  prolonged  periods  at  temperatures  above  45Q°F«  There  are,  however, 
several  experimental  fluids  which  show  premise  for  hi^  temperature  use  in  the 
near  future.  Various  silicone,  ester  and  minersd.  type  oils  with  relatively 
low  volatility  and  high  flash  points  were  employed  to  evaluate  the  thickening 
ability  of  the  experimental  hi^  temperature  nftterials.  The  following  types 
of  materials  were  investigated  for  use  as  high  temperature  grease  thickeners- 
graphite,  urethanes,  imldazolidines  and  imides  of  both  aromatic  and  aliphatic 
dibasic  acids.  One  type  of  thickener  developed  -  the  aluminum  complex  of 
I^omellitimldes  -  has  melting  points  above  9CX3°F  and  shows  excellent  thick¬ 
ening  properties. 


WADC  TR  58-350 

ASTIA  Document  No.  aD  203388 


October  1958 


SUBJECT I 


DEVELOPMENT  OP  GREASES  FOR  HIGH  SPEl’D  BALI,  AND 
ROLLER  BEARINGS 
Paul  R,  McCarthy 
Guy  C,  Blewett 
Joseph  J,  IfcGrath 
AF  33 (616) -5020 

Gulf  Research  &  Developnent  Company 

Performance  life  of  ten  greases  approved  under  Specifi¬ 
cations  MIL-L-.7711,  MIL-G-3278  or  MIL-L-3545  was  determined  in  a  modified 
Pope  Spindle  Tester  at  20,000  rpm,  and  at  lie  temperatures  shown  below j 


INVESTIGATOR! 


CONTRACT! 

CONTRACTOR! 

ABSTRACT! 


TYPE  OF  GREASE 
MIL-L-7711 
MIL-G-3278A 

MIL-L-3545 


TEST  TEMPERATURES, 
250  and  350 
250  and  350 
300  and  350 


The  general  compositions  of  the  specification  greases 
evaluated  are  as  follows: 


TYPE  OF  GREASE 
MIL-L-7711 


GENERAL  COMPOSITION 
Fluid  Component: 
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MLG  57-233 (a) 
MLG  57-234 (b) 


MIL-G~3278 
MLG  57-235 (a) 
MLG  57-236 (b) 
MLG  57-237 (c) 
MLG  57-238 (d) 


^uid  Component; 

^a,  b,  c  and  d) 

Petroleum  Oil 
^lickener; 

(a)  Lithitm  soap 
(b,  c  and  d)  So^um  soap 

Consistency,  dropping  point,  oil  separation,  evaporation, 
shear  stability  and  oxidation  stability  tests  were  run  on  the  same  greases 
in  an  attempt  to  correlate  properties  of  the  greases  determined  by  such 
tests  with  performance  life  in  bearings. 

Both  commercially  obtainable  as  well  as  new  experimentally 
prepared  fluids  and  thickeners  were  evaluated  as  components  for  improved  high 
temperature  greases.  Of  the  fluids,  the  silicones  showed  the  best  thermal 
stability;  5,5-diphenylhydantoin  proved  to  be  the  best  thickener,  Eixperi- 
mental  greases  containing  combinations  of  silicones  and  5,5-idiphenylhydantoin, 
in  general,  gave  the  longest  performance  life  at  400°F,  and  20,000  rpm,  All 
experimental  greases,  however,  failed  to  consistently  meet  the  target  re¬ 
quirement  of  500  hours  minimum  life  under  the  foregoing  conditions.  The  long¬ 
est  single  rum  (891  hours)  at  400°F,  and  20,000  rpm,  was  obtained  vdth  an 
arylurea  grease  ”RLG  216-54” t 

A  high  speed  bearing  test  ring,  believed  to  be  capable  of 
operating  under  the  following  conditions,  was  designed; 

Speed;  DN  value  of  0,9  x  10^  using  ball  bearings  of 
20  and  25  mm,  bore 

Temperature ;  Ambient  to  600°F, 

Radial  Load;  Up  to  75/6  of  the  rated  capacity  of  the 

bearings  in  the  test  section  at  the  maxi- 
miam  speed  of  45»000  rpm. 


MIL-L-3545 
MLG  57-239 (a) 
MLG  57-240 (b) 
MLG  57-2a(c) 
MLG  57-242 (d) 


(a)  Polyalkyl ene  glycol 

(b)  Petroleum  Oil 
Thickener ; 

(a)  Lithitan  soap 

(b)  Sodium-Calcium  soaps 

^uid  Component; 

(a)  Diester 
(b,  c  and  d)  Diester- 
Petroleum  Oil 
Thickener ; 

(a,  b,  c  and  d) 
lithium  soap 
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WADC  TR  56-1^  Pt  III  May  1959 

ASTIA  Document  No,  AD  213606 

SUBJECT:  SILICONE  FLUID  RESEARCH  FOR  THE  DEVELOPMENT  OP  Hlffl 

TEMPERATURE  HXDRAULIC  FLUIDS  AND  ENGINE  OILS 
INVESTIGATOR:  Edgar  D,  BroTO,  Jr* 

Norman  G,  Holds took 
J,  Merle  Nielsen 

CONTRACT;  AP  33(6l6)-51l8 

CONTRACTOR:  General  Electric  Company 

ABSTRACT:  The  past  year*s  work  was  been  concentrated  on  bolt  tiier- 

nsally  stable  fluids  and  improved  oxidative  stability.  The  most  promising 
materials  for  thennal  stability  were  the  sllpheiylene  polysiloxane  fluids* 
They  show  no  siloxane  rearrangement  as  more  conventional  silicone  fluids 
do  and  have  stabilities  up  to  Ite  temperature  range  of  800  -  850®P,  Polpaer 
modifi<»tions  ^ve  good  low  temperature  properties  indicating  a  wide  fluid 
range.  IvalTOtion  of  various  types  of  oxidation  inhibitors  showed  ttot  iron 
type  additives  still  do  the  best  irfilbiting  of  silicone  fluids,  A  new  pro¬ 
cessing  of  8I644  has  prtxiuced  a  fluid  which  is  clear  at  room  tonpewture 
and  does  not  sludge  after  prolonged  e:!q)osure  at  500°P, 


WADC  TR  57-119  Pt  II  July  1958 

ASTIA  Document  No.  AD  155712 

SUBJECT:  DEVELOPMENT  OP  A  HIDROLITICALLY  STABLE  HIGH 

TEMPERATURE  HYDRAULIC  FLUID 
INVESTIGATOR:  Robert  L,  Peeler 

Steve  A,  Kovacich 
CONTRACT:  AP  33(616)3476 

CONTRACTOR:  Califomia  Research  Corporation 

ABSTRACT:  IMs  report  covers  laie  second  y^r»s  work  on  a  contract 

to  improve  the  l^fdrolytic  stability  of  silicate  ester  hytoaulio  fluids  for 
operation  in  Idle  -65° P  to  400°P  temperature  range, 

Significanfly  improved  hydrolytic  stability  waa  found  for 
the  following  classes  of  compounds:  (l)  tetraalkox^ilanes  containing  two  or 
three  tert-butoi^  group®  |  (2)  alkyltrialkoxysilanes  containing  all^l  group® 
hi^er  tdian  methyl  and  one  tertiary  alkoxy  groupi  (3)  hexaalkoscydislloxanes 
containing  four  tertiary  alkoxy  group®  |  ani  (4)  dlalkyltetraalkoxydisiloxanes 
containing  two  tertiary  alkoxy  group®  witii  the  alkyl  group®  preferably  ethyl 
or  higher.  Compounds  which  hydrolyzed  at  400°  F  but  whl<A  did  not  form 
significant  qiantltles  of  insolubles  were  (l)  allyl1»ialko^silanes  con- 
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taining  ethyl  or  higher  alkyl  groups  and  (2)  dialkyl tetraalkoxydislloxanes 
containing  ethyl  or  higher  alkyl  groups.  Glycol  silicates,  trisiloxanes, 
and  disilylethane  derivatives  did  not  show  the  reqtiired  hydrolytic  stability. 
Considering  all  knovm  properties  of  these  compounds,  1,  3-diethyl -1,  1,  3, 
3-tetra(2-ethylhexoxy)  disiloxane  was  chosen  as  the  best  available  base 
stock  for  the  final  hydraulic  fluid. 

Rate  studies  with  'H2OIS  showed  that  the  siloxy  groups  were 
more  easily  hydrolyzed  than  the  corresponding  alkoxy  groups,  indicating  a 
limitation  of  the  polysiloxane  structure. 

Formulation  work  on  the  best  disiloxane  base  stock  led  to 
a  choice  of  low  viscosity  methyl  phenyl  silicone  as  V,I,  improver  and  isodecyl 
pelargonate  as  rubber  plasticizer.  The  new  formulations  tested  greatly  exceed¬ 
ed  8515  fluid  in  hydrolytic  stability  and  had  better  shear  stability.  Oxida¬ 
tion  stability  was  poorer,  indicating  need  for  further  formulation  work  on 
oxidation  inhibitors.  Other  properties  tested  were  comparable  to  8515  fluid. 


WADG  TR  57-151  Pt  II  March  1959 

ASTIA  Document  No.  AD  210715 

SUBJECT:  RESEARCH  ON  THE  FLAMMABILITY  CHARACTERISTICS  OF 

AIRCRAFT  HYDRAULIC  FLUIDS  -  Part  II.  Explosion 
Hazards  of  Aircraft  Hydraulic  Fluids  and  Fuels 
INVESTIGATOR;  Michael  G.  Zabetakis 

George  S,  Scott 
Agnes  C,  Imhof 
Sotirois  Lambiris 
CONTRACT:  BO  (33-616)  57-4 

CONTRACTOR;  Bureau  of  Mines 

ABSTRACT:  The  results  of  limit  of  flammability  and  spontaneous 

ignition  temperature  tests  conducted  on  six  high  density  fuels  and  JP-6  are 
presented.  The  former  tests  were  conducted  at  atmospheric  pressure  and  ele¬ 
vated  temperatures  and  the  latter  at  reduced  and  elevated  pressures  with  the 
fuels  in  contact  with  pyrex  and  stainless  steel  surfaces  in  air  and  oxygen. 

In  addition,  spontaneous  ignition  temperature  tests  were  conducted  at  atmos¬ 
pheric  pressure  on  seven  hydraulic  fluids  in  oxygen  and  oxygen-enriched  air 
with  the  fluids  in  contact  with  a  pyrex  surface.  All  tests  were  conducted 
by  members  of  the  Branch  of  Gas  Explosions,  Division  of  Explosives  Technol¬ 
ogy*  U,  S,  Bureau  of  Mines  between  10  December  1957  and  30  June  1958. 
Mbnoisopropylbicyclohexyl  (HTF-27).  monoisopropylbiphenyl  (HTF-28),  tetra- 
lin  (HTF-30),  bicyclohexyl  (HTF-31),  decalin  (HTF-32),  and  methylcyclopent- 
adiene  (HTF-33),  and  hydraulic  fluids  Esso  Univis  J-43  (Spec,  MIL-H-5606A) , 
MLO  53-446  (General  Electric  GE  814O6),  MLO  54-540  (Monsanto  OS45),  MLO  54- 
581,  MLO  54-645  (85^6  Oronite  8200  +  15%  Plexol),  MLO  54-856  (Hollingshead 
72073G)  and  MLO  8200  (Oronite* 8200)  were  tested. 
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WADC  TR  58-171  Pt  I  September  1958 

ASTI  A  Doctanent  No.  AD  155883 

DEVEIOPMENT  OF  HIGH  TEMPERATURE  OXIDATION-CORMBION 
INHIBITORS  TO  IMPROVE  STABILITY  OF  HIGH  TEMPERATURE 
HYDRAULIC  FLUIDS  AND  LUBRICANTS 
Robert  Brunier 
AF  33 (616) -5101 
Armour  Research  Foundation 

The  objective  of  this  research  program  was  to  synthesize 
and  evaluate  selected  organic  compounds  as  high  temperature  oxidation  - 
corrosion  inhibitors  in  mineral  oils,  synthetic  ester  lubricants,  and  sili¬ 
cone  and  silane  fluids.  As  a  result  of  this  and  continued  studies,  specific 
Inhibitors  will  be  recommended  for  use. 

During  this  12-month  period,  known  inhibitors  were  ap¬ 
praised  and  rated.  On  the  basis  of  this  appraisal,  organic  structures  and 
ftmctioE®!  groups  effective  In  corrosion  inhibition  were  determined  and 
organic  molecules  incorporating  these  structures  and  groups  designed  to 
overcome  the  limitations  found  in  known  inhibitors,  Ihe  synthesis  of  the 
selected  compounds  was  started. 

Simultaneously,  outside  sources  were  checked  for  com¬ 
pounds  not  yet  tested  as  oxidation-corrosion  inhibitors,  and  some  of  these 
coH^jounds  were  selected  for  screening.  These  selections  were  made  on  the 
basis  of  structures  related  to  those  found  to  be  effective  by  the  appa^isal 
program  and  also  structures  with  potential  use  as  inhibitors. 

The  compounds  were  evaluated  by  a  micro  oxidation-corro¬ 
sion  test  developed  at  Wrl^t  Air  Development  Center,  The  testing  was  directed 
mostly  toward  evaluating  additives  in  sil^e  and  ester  base  fluids.  Compounds 
on  hand  were  first  sulanitted  to  a  screening  test,  followed  by  specification 
testing  of  Ihe  most  promising  compositions. 

Some  of  the  compositions  emluated  were  very  active  in  the 
silane  fluids,  and  the  specifications  for  a  500-700®F  lubricant  can  probably 
be  fllled  by  such  mixtures.  Specifically,  a  mixture  of  1,10-diaminodecane 
and  isonicotinlc  acid  tiiioramide  and  a  mixture  of  l,10-diaminode<^S>  isoni- 
cotinlc  acid  thionamide,  and  triphenylarslne  were  Ihe  most  effective  inhibi¬ 
tors  in  the  silane  fluid.  No  composition  tested  in  the  ester  was  more  active 
than  the  eater  alone,  and  more  work  will  have  to  be  done  to  stebilize  this 
lubzdoant  for  use  above  500®F, 


SUBJECTS 


INVESTIGATORS 

CONTRACTS 

CONTRACTORS 

ABSTRACTS 


WADC  TR  58-335  Ft  I  Jamary  1959 

ASTIA  Document  No.  AD  207525 
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SUBJECT: 


SYNTHESIS  AND  EVALUATION  OF  HIGH  TEMPERATURE 
ANTIOXIDANTS  FOR  SYNTHETIC  HYDRAULIC  FLUIDS 
AND  LUBRICANTS 
INVESTIGATOR:  R.  M.  Silverstein 

CONTRACT:  AF  33(616) -5276 

CONTRACTOR:  Stanford  Research  Institute 

ABSTRACT:  During  the  period  covered  by  the  current  report,  candidate 

antioxidants  have  been  screened  in  the  following  lubricating  fluids:  F-50 
silicone  fluid,  paraffinic  mineral  oil  MLO  57-574>  silane  fluid  MLO  57-461, 
silane  fluid  MLO  57-623,  and  naphthenic  mineral  oil  MLO  57-573. 

A  number  of  additives  at  0,2%  concentration  were  found  to 
be  effective  in  retarding  high  temperature  oxidative  degradation  (i,e.  gelation) 
cf  F-50  silicone  oil.  Condensed  aromatic  ring  structures  containing  three 
or  more  rings  were  effective  as  a  class. 

Several  of  the  effective  additives  were  soluble  enough  in 
F-50  silicone  fluid  at  low  temperatures  to  warrant  their  consideration  for 
practical  use.  Fluoranthene  at  0,2^  concentration,  for  example,  did  not  come 
out  of  solution  at  -65°F,  Solubility  studies  are  still  in  progress,  A 
mechanism  study  was  initiated  to  determine  how  condensed  aromatic  ring  struc¬ 
tures  inhibit  gelation  of  F-50  silicone  fluid. 

Following  the  lead  uncovered  by  the  effectiveness  of  N- 
phenylferrocene-carboxamide,  a  number  of  ferrocene  derivatives  were  prepared 
and  evaluated.  None  of  these  compounds  showed  pronounced  antioxidant  activi¬ 
ty. 

None  of  the  additives  evaluated  to  date  showed  any  anti¬ 
oxidant  activity  in  the  silane  fluids  or  in  the  mineral  oils. 


JOINING 


WADC  TR  58-479  February  1959 

ASTIA  Document  No.  AD  208323 

SUBJECT:  RESEARCH  AND  DEVELOPMENT  OF  PROCEDURES  FOR 

JOINING  OF  SIMILAR  AND  DISSIMILAR  HEAT-RESISTING 
ALLOYS  BY  ULTRASONIC  WELDING 
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INVESTIGATOR;  Norman  1.  Wears 

John  N,  Antonevich 
Itobert  1,  Itonroe 
David  0,  Jfertin 
CONTRACT;  AF  33(6l6)-5342 

CONTRACTOR;  Battelle  Memorial  Institute 

ABSTRACT;  An  investi^tlon  was  conducted  to  apply  ultrasonic  weld¬ 

ing  to  joining  similar  and  dissimilar  heat-resisting  alloys  and  to  study 
the  fundamentals  of  this  process,, 

Ultrasonic  spot  welds  were  nade  in  various  combinations 
of  heat-resisting  alloys.  Room  temperature  tension^hear  and  cross-tension 
strengtiis  were  obtained  for  each  combination,  Ifetallographlc  ascaminatlons 
of  ttie  heat-resistant  weldments  showed  in  presence  of  cracks  at  the  edges 
of  many  of  Hie  spot  welds.  This  cracking  is  probably  caused  by  high  cyclic 
stresses  at  the  edge  of  the  weld  producing  fatigue  failures  in  this  area. 
Methods  of  preventing  such  crocking  can  prolmbly  be  detennined. 

Efforts  in  idle  fundamental  studies  were  aimed  at  studying 
the  mechanism  of  bonding  by  ultrasonic  welding.  Effects  of  tli»s,  tampera- 
tures,  and  forces  involved  or  closely  related  to  bonding  were  determined  al- 
■Uiough  the  exact  mechanism  was  not  established.  Also  determined  were  the 
effects  of  factors  associated  with  the  process  aaJ  materials  involved. 


niBRICANTS 


WADC  TR  54-576  Pt  III  May  1958 

ASTIA  Document  No,  155518 
Release 

SUBJECT;  EFFECT  OF  MSTAIS  ON  LUBRICANTS 

INVESTIGATOR;  John  B,  Christian 

ABSTRACT;  This  report  shows  the  effects  idiich  an  ester  and  a  di- 

siloxane  have  on  various  metals,  and  the  effects  idiich  those  metals  simul¬ 
taneously  have  on  the  fluids  at  eleroted  temj^rature  (550“F),  The  dislloxane 
proved  to  be  compatible  with  all  of  the  metals  tested,  while  Idle  ester  showed 
signs  of  being  gaierally  incompatible  with  all  of  the  metals  under  the  test 
conditions , 
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WADC  TR  54-576  Pt  IV  December  1958 

^TIA  Document  No.  155716 

SUBJECT:  THE  EFFECT  OF  METALS  ON  LUBRICANTS 

INVESTIGATOR:  John  B.  Christian 

ABSTRACT:  The  qualitative  effects  which  several  aircraft  fluids 

and  lubricants  have  on  the  surface  of  various  metals  at  room  temperature 
and  at  400°F  for  periods  up  to  528  hours  are  reported. 

Sixteen  different  metals  were  cut  into  one-inch  sqmre 
specimens  and  stored  with  aircraft  fluids  and  lubricants  in  capped  bottles 
under  the  above  conditions.  Each  was  observed  at  the  end  of  48  and  96 
hours,  and  every  72  hours  thereafter  until  the  end  of  528  hours. 

Qualitatively,  all  metals,  with  the  exception  of  lead,  and 
fluids  were  compatible  at  room  tempera tiire  up  to  528  hours,  but  at  400°F  com¬ 
patibility  generally  ceased  at  384  hours. 


WADC  TR  55-30  Pt  VI  June  1958 

ASTI A  Document  No.  155569 


SUBJECT:  FLUIDS,  LUBRIGANTS,  FUELS  AND  REUTED  MATERIAIS 

INVESTIGATOR:  E.  Erwin  KLaus 

Merrell  R.  Fenske 


CONTRACT:  AF  33(6l6)-2851 

CONTRACTOR:  Pennsylvania  State  University 

ABSTRACT:  This  report  describes  work  carried  out  on  a  continuing  pro¬ 

ject  directed  toward  the  development  of  impro-ved  hydraulic  fluids  and  jet  engine 
lubricants  for  use  in  the  high  temperature  range  of  400°  to  700°F.  bulk  oil 
temperatures.  With  few  exceptions  these  studies  are  equally  applicable  to 
hydraulic  flxxid  and  jet  engine  oil  development. 


Extensive  laboratory  evaluation  studies  are  presented  for 
a  series  of  mineral  oils  and  hydrocarbons  vAiich  have  been  super-refined  by  a 
pilot  plant  hydrogenation  over  nickel  catalyst.  Advantages  of  hydrogenated 
and  exhaustively  acid-refined  mineral  oils  and  hydrocarbons  over  conventional¬ 
ly  refined  mineral  oils  are  demonstrated  for  application  as  base  stocks  for 
hydraulic  fluids  and  lubricants.  Completed  hydraulic  fluid  formulations  con¬ 
taining  antifoam,  antioxidant,  and  lubricity  additives  and  jet  engine  oil 
formulations  containing,  in  addition  to  these  three  additives,  Acryloid  and 
paraffinic  resin  dispersants  are  described,  A  silane,  several  esters.  Spec. 
MIL-L-7808  fluids,  and  an  improved  lubricity  silicone  hydraulic  fltiid  are 
evaluated  critically  in  high  temperature  tests. 


Properties  of  used  samples  of  several  jet  engine  oils 
evaluated  in  the  J-57  jet  engine  are  presented.  These  samples  indicate  more 
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fluid  deterioration  tiian  is  predicted  by  Spec.  MIL-L-.78O8  typo  stability 
tests.  Several  more  severe  oxidative  tests.  Including  "Uie  Petroleum 
Refining  Laboratoiy  thin  film  oxidation  test  and  the  isothermal  and  non- 
isothermal  successive  oxidation  tests  are  described,  lliese  tests  are  de¬ 
signed  to  simulate  more  nearly  the  severity  encountered  in  the  J-57  engine 
test. 


Hie  effects  of  several  variables,  including  fluid  t^ie, 
fluid  molecular  weight,  additives,  fluid  flow  rate,  and  air  fl.ow  rate,  on 
the  hi^  temperature  single-jass  lube  rig  are  Illustrated,  Procedures  for 
•Uie  analysis  of  eidiaust  gas  from  the  single-pass  lube  rig  have  been  estab¬ 
lished  to  place  oxidation  encountered  in  this  test  on  a  quantitative  basis. 

Bulk  oil  oxidation  tests  of  hl0i  temperature  fluids  are 
shown  for  test  temperatures  of  347®#  500®,  and  700®P,  Hie  effect  of  fluid 
lype  and  mineral  oil  class,  degree  of  refining,  and  molecifLar  weight  are 
discussed  for  the  700®F,  tests,  M  evaluation  of  ttie  character  of  laie 
volatile  products  of  the  700®F,  oxidation  tests  is  presented. 

Wear  ard  lubrication  studies  in  tiie  four4»ll  testers  are 
used  to  illustiate  the  additive  effects  of  sllicwies,  silicates,  thiocarba- 
n^tes,  and  diisopropyl  acid  jhosphite  in  ester  and  mlnei^l  oil  fluid  types. 

I^nel  coker  data  in  ■Uie  Model  C  and  controlled  atoosiiiere 
units  are  compared  and  summarized  for  the  effects  of  fluid  type,  degree  of 
refining,  molecular  weight,  and  additives. 

Hie  constriction  of  an  evaporation  unit  of  the  ty|C  used 
in  the  Federal  Test  Method  Standard  No,  791  is  described. 

Some  additional  miscellaneous  duties  have  been  performed 
at  the  request  of  the  Wri^t  Air  Development  Center,  These  duties  include J 
(1)  distribution  of  Laboratory  reports,  (2)  fonmilation  of  fluids,  (3) 
distribution  of  standard  fluid  samples  and,  (4)  evaluation  of  specific  fluid 
properties , 


WADC  TR  56-370  Pt  III  August  1958 

ASTIA  Document  No,  AD  155856 

SUBJECTS  RESEARCH  IN  HIGH  TEMPERATURE  BEARING  'LUBRICATION 

IN  THE  ABSENCE  OP  UQUID  lOTRICANTS 
INVESTIGATORS  R.  A,  Colt 

S,  S,  Soraa 
R,  L,  Amstrong 
0,  A,  Converse 
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CONTR/ICT:  AF  33  (616) -2999 

CONTRACTOR;  Shell  Development  Company 

ABSTRACT:  A  method  of  operating  rolling  contact  bearings  at  hi^ 

temperatures  without  using  conventional  liquid  lubricants  has  been  evolved. 
This  method  employs  a  "protective  atmosphere"  around  the  bearing.  The 
atmosphere  has  two  functions,  the  prevention  of  the  formation  of  abrasive 
oxides  at  the  bearing  surfaces  and  the  formation,  by  reaction  with  the  bear¬ 
ing  surfaces,  of  antiscuffing  films  to  prevent  catastrophic  wear  at  sliding 
contacts.  Factors  involved  in  the  selection  of  atmosphere  compositions  and 
bearing  materials  for  use  with  this  method  of  operation  are  discussed.  Test 
operations  which  have  demonstrated  the  performance  of  this  system  at  various 
temperatures  from  600  to  1000°F  are  described. 


^ADC  TR  57-36  Ft  II  July  1958 

ASTI A  Document  No,  155726 
OTS  Release 

SUBJECT;  AIRFRAME  LUBRICANTS  -  Part  II.  Development  of  a 

laboratory  Technique  for  Determining  Rust-Preventive 
Properties  of  Lubricating  Greases 
INVESTIGATOR;  Airframe  Lubricants  Group 

CONTRACT;  AF  33(616) -2888 

CONTRACTOR;  Coordinating  Research  Council,  Inc, 

ABSTRACT;  This  final  report  on  rust-preventive  properties  of  lubri¬ 

cating  greases  describes  the  work  of  CRC  laboratory  and  service  evaluation 
panels  in  their  objective  to  develop  test  techniques  for  predicting  the  per¬ 
formance  in  actual  service  of  airframe  and  accessory  lubricants.  A  descrip¬ 
tion  is  included  of  the  three  test  techniques  developed  and  the  reasons  for 
ultimately  recommending  one  of  them,  the  Research  Technique  for  Determining 
Rust-Preventive  Properties  of  Lubricating  Greases  in  the  Presence  of  Free 
Water  (CRC  Designation  L^-957). 


WADC  TR  57-61  Pt  II  May  1958  • 

ASTIA  Document  No.  AD  155564 
OTS  Release 

SUBJECT;  LUBRICATION  OF  TITANIUM 

INVESTIGATOR:  Nicholas  Fatica 

CONTRACT:  AF  33(616) -3350 

CONTRACTOR;  Clevite  Research  Center 

ABSTRACT;  This  investigation  sought  to  obtain  some  information  about 

the  frictional  properties  of  modified  titanium  coatings  and  to  make  a  compari¬ 
son  of  the  wear  resistance  of  the  best  surface  treatments  in  the  presence  of 
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various  lubricants  using  the  Shell  Four -Ball  ^ea.r  tester  and  the  iblex  Tester. 

It  has  been  found  that  systems  showing  high  w^r  rates  in 
one  tester  will  also  show  high  wear  rates  in  the  other.  If  wear  is  expressed 
as  volume  or  weight  loss  (W),  it  my  gene  wily  be  correlated  with  load  (L) 
and  time  (t)  by  an  expression  of  the  form  W  =  KLt  for  either  tester.  The 
constant  K  Includes  the  dharacteristics  of  the  n^chine,  the  nature  of  the 
specimens  and  tiie  nature  of  tiie  lubricant.  It  is  concluded  that  the  essen¬ 
tial  nature  of  liie  action  taking  place  in  either  tester  is  identical  and 
tiiat  therefore  any  lack  of  correlation  must  be  attributed  to  operation  in 
widely  different  pressure  and  temperature  ranges. 

The  correlation  of  wear  rates  with  the  frictional  chawcter- 
Istlcs  of  the  different  systems  was  attempted  in  both  testers  with  modem te 
success^ 


The  reproducibility  of  the  results  for  various  systans  is 
too  poor  to  permit  differaitiating  between  ttie  different  titanium  base  alloys 
r^ed  in  any  particular  trealaent.  As  for  the  various  surface  treatments  in¬ 
vestigated,  it  appears  that  it  is  possible  to  obtain  equlwlent  wear  resis¬ 
tance  in  aany  cases  using  electroless  nickel  plates,  cyanlded,  nltrided,  car¬ 
burized,  oxidized,  or  carburized  iron-plated  titanium.  Of  these,  oxidized 
and  electroless  nickel  plated  titanium  fall  at  high  loads.  The  use  of  con- 
ventioml  lubricants  for  any  but  electroless  nickel  and  carburized  iron-plated 
titanium  is  unreliable,  Ifalog^ated  materials  appear  to  be  the  best  lubricants 
for  tile  other  treatments.  It  has  been  shown  that  the  higher  tiie  halogen  con¬ 
tent  of  the  lubricant,  tiie  better  its  lubricating  properties. 

Resin-bonded  coatings  fail  at  higher  test  tempewtures . 


WADC  TR  57-177  Pt  II  August  1958 

ASTI A  Document  No.  AD  155862 


SUBJECT: 

INVESTIGATOR: 


ENGINE  OIL  DEVIMPMENT 
C,  lynn  Mahoney 
Bknmett  R.  Baroum 
W,  S,  Saarl 


William  W.  Kerlin 
Karl  J,  Sax 
P.  H.  Williams 


CONTRACT:  AP  33(616) -3182 

CONTRACTOR:  Shell  Development  Qomr»ny 

ABSTRACT;  Conventlowl  ester  and  petroleum  hydrocarbon  based 

lubricants,  depwiding  on  inhibitors  for  resistance  to  oxidation,  are  very 
sensitive  to  wdiatlon  damage  arui  lack  sufficient  stability  for  high  taap- 
erature  use.  Selected  aromatic  compounds,  designed  for  stability  in  absence 
of  inhibitors,  appear  to  be  capable  of  withstanding  considerably  hi^er 
temperatures  and  radiation  levels  than  present  oils.  Aromatic  esters,  car- 
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bonates,  silanes  and  polyphenyl  compounds  have  been  investigated  but  poly¬ 
phenyl  ether  derivatives  have  shown  the  greatest  over-all  promise. 

The  unsubstituted  polyphenyl  ethers  are  very  stable 
materials.  They  undergo  little  change  in  oxidation-corrosion  tests  at  500® 
F  and  form  only  small  amounts  of  coke  in  panel  coke  tests  at  900°F,  Their 
initial  thermal  decomposition  temperatures  are  over  800°F,  Physical  prop¬ 
erty  changes  are  moderate  at  radiation  levels  of  lo9  rad.  Their  wear  char¬ 
acteristics  are  very  much  better  than  most  other  classes  of  highly  aromatic 
compoimds. 


Alkyl  substituents  generally  lower  the  melting  points 
of  polyphenyl  ethers  but  only  carefully  selected  groups,  such  as  -the  Qf- 
cumyl-  and  tertbutyl-,  can  be  used  without  seriously  affecting  the  stabil¬ 
ity.  These  alkyl-substituted  polypheny!  ethers  are  not  as  stable  as  the 
corresponding  unsubstituted  ethers  but  undergo  little  change  in  475'’F  oxi¬ 
dation-corrosion  tests,  form  little  coke  at  800° F  and  have  initial  thermal 
decomposition  temp)eratures  of  700  to  770°F,  Physical  property  changes  in 
these  alkyl  substituted  polp>henyl  ethers  are  also  moderate  at  radiation 
levels  of  10°  rad  but  radiation  greater  than  2.5  x  10®  rad  seriously  lowers 
their  resistance  to  oxidation. 

Several  methods  of  lowering  the  melting  points  of  poly¬ 
phenyl  ethers  are  being  investigated  at  the  present  time.  Initial  results 
with  isomerization  procedures  have  been  very  promising.  Several  stable 
liquid  alkyl  substituted  ethers  have  been  prep)ared.  Additional  work  with 
alkyl  derivatives  is  planned  and  some  effort  is  being  made  to  lov/er  the 
melting  points  of  iinsubstituted  ethers  through  use  of  isomerization  re¬ 
actions  • 


WADC  TR  57-255  Pt  II  July  1958 

ASTIA  Document  No.  AD  155736 

SUBJECT;  NUCLEAR  RADIATION  RESISTANT  TURBINE  ENGINE 

LUBRICANTS 

INVESTIGATOR:  Alfred  H.  Matuszak 

CONTRACT:  AF  33(616) -3181 

CONTRACTOR:  Esso  ^search  and  Engineering  Company 

ABSTRACT:  Work  performed  under  Contract  No.  AF  33(616) -3181  on 

the  development  of  radiation  resistant  tvu^bine  engine  lubricants  for 
possible  use  in  aircraft  nuclear  power  plants  is  described.  This  is  a 
continuation  of  work  reported  in  V/ADC  TR  57-255  ^md  completes  the  screen¬ 
ing  and  evaluation  of  over  one  hundred  mineral  and  synthetic  materials 
consisting  of  finished  lubricants  (Phase  I)  and  inhibited  lubricant  base 
stocks  (Phase  II).  These  materials  were  irradiated  at  the  MTR  and  at 
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Hanford  under  static  conditions  using  a  screening  dosage  of  about  10^0  ergs/gm 

C  (10^  roentgens)  and  a  dose  rate  of  about  3  x  10^  ergs/gm  G/hr,  Extended 
irradiations  were  done  at  5  snd  10  x  10^®  ergs/gm  0  on  the  more  promising  lu¬ 
bricants  . 


In  the  Phase  I  work  finished  mineral  oils  generally  showed 
greater  retention  of  original  lubricant  properties  at  IClO  ergs/gm  C  tiian  did 

the  finished  synthetic  oils.  Of  the  mineral  oils  investigated  a  Paraffinic 
Grade  1065  Aviation  Oil  meeting  MIL-L-6082B  requirements  but  inhibited  witii 
phenyl-slp4ia-naph1hy]amlne  was  liie  most  promising.  Foaming  was  a  problem  at 
itfLO  gj,gg  higher  dosages,  lubricant  degradation  in  general  was 

more  severe,  however,  at  the  hi^er  levels.  The  most  serious  deficiencies 
refuting  from  the  irradiation  of  tiie  Grade  1065  oil  over  the  range  10^0  to 
10^^  ergs/gm  C  wore  its  viscosity  increase  and  flash  point  decrease.  Metal 
corrosion  was  negligible.  Overall,  the  Grade  1065  Aviation  Oil  is  Indicated 
to  possess  reasonably  good  resistance  to  radiation  under  static  conditions 
to  dosages  between  lOl  and  5  x  lO^O  ergs/gm  C,  and  if  viscosity  and  flash 
point  are  not  limiting,  to  possibly  lol^  ergs/gm  C,  Although  the  changes 
noted  are  not  considered  excessive  except  for  viscosity  increase  and  flash 
point,  dynamic  In-source  testing  will  be  necessary  to  establish  liie  useful¬ 
ness  of  this  oil  as  a  nuclear  powered  aircraft  lubricant. 

In  ttie  Phase  II  mineral  base  stock  work  herein  19  base 
stocks  or  blends  were  screened  during  the  second  year  an  inhibited  paraffinic 
base  stock  looked  the  most  attractive.  It  paralleled  very  closely  the  per- 
fornfince  of  the  Paraffinic  Grade  1065  Aviation  Oil,  Hydrogenation  of  this  as 
well  as  a  more  viscous  paraffinic  bright  stock  did  not  effect  improvements  in 
stability  toward  radiation  and  oxidation.  The  addition  of  stable  aromatic 
base  stocks  to  the  paraffinic  base  resulted  in  several  expected  improvements. 
As  in  the  case  of  tlie  Grade  1065  Oil,  <ifnamlc  testing  will  be  required  to 
evaluate  this  oil  further.  Other  stable  base  stocks  were  Kenflex  B  and 
Phllrich  5.  These  are  viscous  aromatic  hydrocarbon  oils  which  may  be  use¬ 
ful  as  blend  components  with  other  attractive  oils. 

In  ihe  more  recent  Phase  I  work  on  "finished"  synthetic 
oils  tiilrteen  blends  newly  formulated  from  attractive  base  stocks  and  a 
MIL-L-25336  approved  oil  were  screened  as  possible  Phase  II  type  oils.  Three 
oils  showed  promise.  Two  of  these  were  di -octyl  sebacate  based  oils  con¬ 
taining  Plasticizer  HM  (an  aromatic  polyester)  as  a  stabilizer  against  radi¬ 
ation,  One  contained  TCP,  These  showed  moderately  good  radiation  and  oxi¬ 
dation  stability  at  the  lOlO  ergs/gm  C,  Itediation  at  higher  dosages  unfort¬ 
unately  was  not  carried  out,  Ihis  will  be  necessary  to  determine  their  value 
as  more  stable  radiation  resistant  lubricants.  The  thli^  oil,  an  all  aro- 
natic  blend  containing  Cabflex  H3-10  and  Kenflex  B,  likewise  showed  good 
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radiation  and  oxidation  stability.  It  is  comparable  with  the  paraffinic 
mineral  oils  in  many  respects.  It  shows  less  viscosity  change  but  tends 
to  be  slightly  corrosive  as  a  result  of  the  greater  acidities  developed 
only  during  higher  radiation  dosages. 

In  the  Phase  II  base  stock  evaluation  program  aromatic 
esters  were  generally  more  stable  than  aliphatic  diesters,  complex  esters, 
glycols  or  polyalkylene  glycol  monoethers.  Of  the  thirty  synthetic  base 
stocks  screened  in  the  more  recent  work  Cabflex  IS-10  (an  alkyl-aryl 
phthalate),  isodecyl  naphthalate  and  Plasticizer  HM  were  the  most  stable. 
Although  ttiese  materials  showed  less  viscosity  increase  than  -the  mineral 
oils  they  exhibited  somevAiat  greater  changes  in  flash  point,  acidity  and 
corrosivity.  The  changes  noted  after  irradiations  up  to  5  x  lO^*^  ergs/ 
gm  C  would  not  be  considered  prohibitive  however  as  far  as  lubricant  per¬ 
formance  is  concerned.  Some  question  would  arise  as  to  their  usefulness 
at  10  X  10^®  ergs/gm  C,  however. 

It  is  recommended  the  oils  mentioned  above  be  further 
evaluated  in  dynamic  in-source  tests  to  more  clearly  define  their  useful¬ 
ness  as  radiation  stable  lubricants. 


WADC  TR  57-299  Ft  II  May  1958 

ASTIA  Document  No,  155591 

SUBJECT:  NUCLEAR  RADIATION  RESISTANT  LUBRICANTS 

INVESTIGATOR:  William  L,  R.  Rice,  l/Lt.,  USAF 

ABSTRACT:  This  report  presents  a  summary  of  current  information 

on  the  state  of  the  art  of  nuclear  radiation  resistant  lubricant  develop¬ 
ment,  Data  are  presented  on  the  effects  of  gamma  radiation  on  a  number 
of  commercial  fluids  and  lubricants,  with  a  discussion  of  potential  problem 
areas.  Advanced  materials  for  extremely  high  temperatures  and  radiation 
exposures  are  discussed,  and  the  present  status  of  preferred  lubricants  is 
outlined. 


Of  the  new  base  materials  for  use  in  extreme  conditions 
of  temperature  and  radiation,  the  polyphenyl  ethers  show  the  most  promise. 
Relatively  low  melting  compounds  can  be  prepared  that  undergo  minor  change 
in  500®F  oxidation-corrosion  tests  and  form  little  coke  at  temperatures  as 
high  as  800°F.  Stability  during  in-source  oxidation-corrosion  tests  has 
been  shown  to  be  good.  The  major  drawback  to  use  of  the  polyjiienyl  ethers 
is  their  low  temperature  limitation.  At  present,  the  majority  of  these 
materials  melt  at  temperatures  in  the  range* 100°F  to  over  200®F. 


WADC  TR  57^55  Ft  II  October  1958 

ASTIA  Document  No.  203121 
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SUBJECT:  HIGH  TEMPERATURE  SOLID  DRY  FIIM  LDBRICANTS 

INVESTIGATOR:  Melvin  T.  lavik 

COOTRACT:  AF  33(6l6)-3684 

CONTRACTOR:  Midwest  Research  Institute 

ABSTRACT:  Solid  dry  film  lubricants  appear  to  be  the  answer  for  many 

high  temperature  lubrication  problems.  However,  tile  wear-life  of  these  JH-lms 
is  dependent  upon  a  large  number  of  factors  which  complicate  ttie  choice  of  a 
particular  lubricant  film  and  its  proper  application.  Hits  report  describes 
three  phases  of  work  directed  towai^  the  development  of  high  temperature 
solid  dry  film  lubricants, 

1.  Parametric  study  of  wear-life  factors:  The  fractional 
factorial  design  of  experiments  (total  of  five)  is  used  to  evalmte  the  effect 
of  ten  factors  upon  the  wear-life  of  several  solid  film  lubricants.  The 
factors  studies  are  environmental  temperature,  bearing  load,  substrate  hard¬ 
ness,  film  thickness,  relative  linear  surface  speed,  lubricant  material,  film 
binder,  lubricant-to-binder  ratio,  type  of  motion,  and  geometry  of  rub  shoe. 

In  the  range  of  values  investigated,  the  temperature  (400-550°F)  and  the  load 
(10,000  to  65,000  psi)  had  the  greatest  effect  upon  the  wear-life  of  the  lu¬ 
bricant  films.  Although  the  results  are  limited,  a  procedure  is  developed 
for  evaluating  a  lubricant  (for  a  particular  application)  with  a  minimum 
number  of  tests. 


2,  Nuclear  radiation  effects:  Four  commercial  solid  dry 
film  lubricants  were  submitted  to  gamma  and  neutron  irradiation^.  Three  of 
the  films  were  resin-bonded  mixtures  of  grajhite  and  molybdenum  disulfide. 
The  other  film  was  a  mixture  of  lead  oxide  and  graphite  bonded  with  a  glass - 
like  material.  Only  the  ^mraa  irradiated  specimens  have  been  tested.  The 
wear-life  of  one  lubricant  film  is  possibly  affected  by  ^mma  irradiatloni 
the  others  showed  no  significant  effect. 


3,  Search  for  high  temperature  lubricants :  A  group  of 
16  inorganic  materials  have  been  selected  for  furtiier  investigation  as 
possible  high  tanperature  (800®F)  lubricants.  This  selection  vas  made  on 
the  basis  of  a  literature  survey  and  the  present  knowledge  of  lubrication 
mechanisms.  These  materials  are  simple  compounds  and  are  mostly  sulfides, 
oxides  and  chlorides  of  metals  occurring  in  periods  3,  4,  or  6  of  the 
periodic  table. 


WADC  TR  57-773  June  1958 

ASTI A  Document  No.  AD  155670 
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SUBJECT:  EVALUATION  OF  HIGH  TEMPERATURE  GEAR  AND  SPUNS 

LDBRICANTS 
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INVESTIGATOR:  Donald  J,  Posaett 

Charles  W.  Sauter 
CONTRACT:  AF  33(6l6)-3539 

CONTRACTOR:  Western  G^r  Corporation 

ABSTRACT:  The  load  carxTlng  ability  of  three  Ittbrioants,  Dov  Coming 

XF-25S,  General  Bleotric  Versllube  P->50y  and  MIZj>>L-7808,  was  detenalnlng  on 
spur  and  helical  gears.  Tests  were  conducted  on  2.000  Inch  gears  at  speeds 
^om  2500  ri»&  to  15«000  rpm  and  inlet  lubricant  temperatures  from  165^  to 
700°?. 

This  report  includes  the  result  of  these  teats  displayed 
in  graph  and  table  form^  a  discussion  of  these  restilts,  and  conolusions. 

Also  included  in  this  report  are  test  results  previously  obtained  from  WADG 
Universal  Gear  and  Spline  Lubricant  Tester  and  the  operating  procedure  to 
be  used  on  the  evaluation  of  gear  and  spline  lubricants  at  high  teaperatures . 


WADC  TR  57-773  Pt  II  Msor  1959 

ASTI A  Document  No.  AD  214^14 


SUBJECT:  EVALUATION  OF  HI(»  TEMPERATURE  GEAR  AND  SPLINE 

LUBRICANTS 

INVESTIGATOR:  Donald  J.  Feasett 

CONTRACT:  AP  33(616) -5631 

CONTRACTOR:  Western  Gear  Corporation 

ABSTRACT:  The  load  oarrying  abilities  of  the  following  sevm  lu¬ 

bricants  determined  on  l6-pitoh  2«000  in*  pitdi  diameter  spur  gears: 

Octadecyl  tri(deoyl)8ilane 
MLO  57«<426  —  Pentaexythritol  tetraeaproate 
MLO  56<431  —  10^  silicone^  90%  pmtaerythritol  tetraeaproate 
MLO  7379  —  Super  refined  bright  stock 

MLO  73S0  —  Super  refined  paraffinic  neutral 

MLO  7361  —  Super  refined  paraffinic  neutral  with 

0*2$  allgrl  acid  phosphite 
MLO  7383  —  Super  refined  naphthenic  mineral  oil 


Tests  were  conducted  at  speeds  up  to  20,000  rpm  and  lubricant  teagiera tores 
to  600°F«  Octadecyl  tri(deeyl)  silane  lubrioant  eidiibited  the  best  load 


MLO  58-431  and  MLO  7379  ranked  second  and  MLO  7381  third  in  overall  mechani¬ 
cal  perfomanee.  MIX)  7383  scored  at  a  higher  load  at  600°F  than  at  400°F. 
The  load  oarrying  ability  of  MLO  57-426  decreased  the  greatest  with  in¬ 
creasing  temperature  fmm  400  to  600°F« 


Modifications  made  on  the  Iteiversal  Gear  and  Spline 
Tester  included  a  more  efficient  test  lubricant  heating  system,  a  tempera- 
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tore  ftod  sr«o»rdary  an  aleotrmle  spend  iadleator  aivl  an  optical 

S78t«i«  (grating  in>ooednre  of  the  nodij^ed  tester  is  included  in  ^e 
apptf^iz* 


VADO  m  5Sa5  September  195S 

Ami  Doeomsnt  Vo.  AD  155^ 

StlBJlCf  s  THE  EFFSOT  OF  SfRDOTURE  OF  FOLIHXDRIG  AIOCKIOL 

ESTE^  OH  THSia  SUITABILIfX  AS  mm  TaiPERATUBS 
UJBRICAHTS 

IHFESTiaATORi  Barold  V.  Mum 

UlUiaB  X..  R.  Rice 

ABSTRMTPs  The  researoh  and  derelc^poent  eff<»rt  dlsoussed  In  ^la  re¬ 

port  oonottRis  the  feasiUlltf  of  wing  esters  of  tiis  iwopentj^  tgrpe  as  liArl- 
oants  up  to  ^30°  to  500®F. 

%e  ahsenoe  of  the  beta  l^pdrogm  on  the  aleohdl  noletj 
haSf  in  prerlons  torestigations,  restated  in  siqierior  th«val  stability  of 
tile  esters  of  snoh  alooh<as.  TUs  inorease  in  theraal  stability  appears  to 
be  to  the  rai^e  of  approztoately  100®F*  This  is  aoo<»ipa.i8hed  by  forolng 
th^nsa  degradation  to  proeeed  throng  ;^ee  radioal  formation. 

Althouc^  these  oeopentyl  type  esten  hsTe  toptnTed  theraal 
staMlity  orer  oontrentiLonal  dis8t«f  blm^,  they  do  not  neoessarily  possess 
superior  oxidatiLon  stability.  The  use  of  Mqpentyl  type  wter  fluids  to  an 
oxidising  entironBent  at  400®  or  500®F  tdll  defLnltely  depend  upon  the  develop- 
aant  of  an  effleient  oxidatiim  inhibitor. 

The  over.all  assessnent  of  the  dti«iioal  «id  plysioal  prop¬ 
erties  of  tile  neopen^  type  eiter  n.oids  shous  oonsiderable  pronise  for 
hi^  tanperaturs  applloation* 


UADD  TV  58.248  Deeeaiber  1958 

miA  Dootn&ent  Ho.  AD  206669 


SOBJEOTi  nVESTXGATlOH  OP  HEOPEHTIL  POUOL  DEBIVATIVSS 

AS  BASS  FXXnOS  FOR  HlCm  TENPmTURS  TQRKHE 
EHGIHE  Oils 


IHFSSTIGATORi 
0(»TRA0Tt 
GOHTRA0TORS 
ABSTRAOTi 
h«ai^  tetra.  trij 


AdtAph  J.  O^net 
AF  18(600).1667 

!foyd«i  Heupcu^  (Hieaioal  Ckrrpi^tiltm 
Forty-four  esters^  ether  est^s^  «id  polyestera  based  on 
and  di  nethylol  neopentyl  alodi^  were  prepared*  Of  tiiese^ 


twenty  \t9sn  subnitted  to  Hri^t  Air  Developnmt  C«it«r  for  beitii  s»o«iing* 
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This  report  tabulates  data  ob'teined  oq  these  oos^unds* 


WADG  TR  58-283  October  1958 

ASTIA  Doouaent  Ho.  203642 

SUBJECT  t  ME&SUREMEHT  OF  VISCOSITIES  OF  GAS-TURBINE  UJffiaCANTS 

AT  EUSVATED  TEMPERATURES  AND  PRESSURES 
INVESTIGATORt  Jack  S.  Barr 

GONTRACTt  AF  33(6l6)-3900 

GOMTRACTORt  Southern  Reseazt^  Institute 

ABSTRAGT:  A  high-P^^Msure  rlsooneter  to  aeasure  the  vlsoositLes  of 

soae  aircraft  lubricating  oils  at  elevated  temperatures  and  pressures  was 
constructed*  ^e  equipnsnt  was  calibrated^  but  viscosities  of  the  rarious 
oils  will  be  detenslned  on  a  subsequent  contract. 

A  pressure  of  188|0CX)  psi  was  obtained  during  a 

test  of  the  equipment.  The  apparatus  was  designed  for  tests  at  temperatures 
from  ambient  to  400^F« 


WADG  TR  58-297  October  1958 

ASTIA  Document  Ho.  203382 

SUBJEGTt  DEVELOFMEHT  OF  SVAIUATIOH  TEGHNIQUES  FOR  DSCERMINATION 

OF  THE  LDBRIOITI  AND  STABILITI  OF  HEW  HIGH-TEMPERATURE 
LUBRIGAHTS  AND  HZDRAUUG  FLUIDS 
IHVESTIGATORi  Vemice  Hopkins 

Andrew  D.  St*  J<^ 

GOHTRACTi  AF  33(6l6).5202 

GOHTRACTORt  Midwest  Research  Institute 

ABSTRAGTt  A  Shell  four<4)all  wear  tester  has  been  modified  for  opera 

tion  up  to  800^F*  A  lubricant  circulating  system  was  included  in  the  modifi 
cation^  and  comparable  nonciroulatlng  and  circulating  lubricant  cTaluation 
programs  were  cosqpleted.  Silieone  fluids  and  silanes  neat  and  with  anti¬ 
wear  additives I  a  mineral  oil^  pentaerthrltol  ester  and  disilocBane  fluids 
and  lubricante  were  evaluated  at  167®F,  400®F,  and  700®F,  10  kg*  and  40  kg* 
loads,  and  600  rpm  and  1,200  rpm  spinile  speeds*  Wear  scar,  frictional 
torque,  and  wear  rate  data  were  reoordedo  ISie  lubricants  have  been  rated 
relative  to  each  other  by  applying  the  results  of  a  statlstioal  analysis 
performed  on  tl^  wear  soar  data* 

A  partially  completed  analysis  of  the  energy  dissipation 
and  heat  transfer  in  a  roller  bearing  is  reported*  The  analysis  will  ultl- 
■etely  isravlde  scaling  relations  to  be  used  in  the  design  of  a  bearing 
temperature  stabilisation  tester*  The  major  simplifying  as8uq;>tions  and 
results  nay  be  listed  as  follows t 
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fhtt  IvSxrd^nt  it  ttmnad  to  bavt  eomtaat  id.so^it7  and 
ilso,  tba  lid>nloant  flow  ^rov^  tile  rolllag-elippiiig  eontaotii  it 
oalenlated  without  oontidesetl^  of  tiie  local  tiodj  distorttcuw*  Ihe  fri.otiOT 
force  lAloh  oocim  at  tiie  retiAt  of  direct  emtact  betirMU  beartng  ^eoentt 
it  deti^ibed  with  a  <^ataat  eoefi^oieat«  nie  ast^t  ^  the  {hfaioal  cratact 
it  depeadent  m  the  li^  ^u^ed  directly  (satii«>  tbaa  h;dro^^ift^<^d34r)  aad 
the  ttetiLatteal  desi^ptUu  of  the  tanftcM* 

^uatiLoat  of  aoti.oa  for  the  h^rlag  aea^ablj  f^mlated 
for  pore  l^drod^Maio  ItAn^catioa  and  for  a  ooad^iaaticai  l^drod^iwuide  md 
direct  eoataot  aitwitiona*  Hie  e^iatiMa  are  tolred  for  tiie  pnxa  h^dro^fii^aie 
<»ae  otii^  tiie  attunqpHm  of  ecauitaat  rollmr  aad  ci^e  tpeedt*  Hie  atsunqitiLoe 
of  coastaat  roller  tpia  it  fowKi  inadequate  fop  thoae  oases  Ja  idiitii  tizeaUe 
loads  are  carried  dirwit  contact  «id  m  proper  sdluttons  ter  ^s  ouie  are 
reported* 


la  preparat^  for  h^t  tnmsfw  eid.evlationSf  the  liflxri- 
cant  ato^udliiet  er9  obtaiaed  ia  a  |^n«ralized  fom  at  are  the  UaM  of  coa- 
ttaat  distiiAttcm*  Hie  h^t  trauitfer  problen  it  la^odu^d* 

A  turret  of  aadhine  coaaponeatii  tiiidh  reqidj'ed  ez^^ae  p»s> 
ture  lubrlcatimi  ims  perterm^^  Hie  ^motioiwil  ohamcterittie  of  tiwie  ctan- 
poaeatt  we:ra  ooapared  to  the  tMt  elsiMnts  of  &^me  inratture  IvOadoa^on 
testers*  At  a  result  of  this  cimpaxlsoa  and  tiie  liid^d  operatitmal  temper- 
ati^  range  of  esdstli^  testeia  a  new  eztosne  pmssure  luMeaat  ‘^ter  was 
designed  tor  operattim  up  to  ?0(^7*  Ihit  mv  tester  possesses  ii»re  flexi¬ 
bility  «dsting  test^n*  Hie  ^t  resdltii  tiiohld  correlate  better  with 
perf(»Baaee  data  at  the  t^iiditioiM  of  t^tfim  be  selected  nearer  to  the 
opwratilng  ccmditiLmis  of  a  aatiiine  «s»p^«nt* 

An  eraluat^m  facility  luit  be^  designed  la  idiitii  acces¬ 
sory  conponentt  nay  be  aounted  mkI  used  at  ^t  ri^  ter  the  practical  esalu- 
atitra  ^  li;^xd.oantii  and  l^draulie  flitf.ds*  A  warietir  of  and  siMS  of 
eoeqioiwn^  nay  be  tested  ever  a  te^pemture  rwi^  of  -KX^'^F  to  4800^7*  Hiit 
facility  cmisists  of  a  5  ft*  1^  5  ft*  by  5  ft*  eavirmaaet^al  dundiwr,  50  h*p*» 
12,000  r|a  variable  speed,  sM^wnical  drive,  and  AG  and  DO  power  si^plies  fbr 
various  oonpOTente* 


UADO  TB  58-192 


MATEBIAXS  INFORmTIOF 


Septsidier  19^ 
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ASTU  Document  Ho,  AD  155885 

SUBJECTS  MATEBIAIS  INFOBMATION  GEHTEBS 

INVESTIGATORS  l/Col  M,  E.  Fields 

Ifr.  D.  H.  Cartolano 

ABSTRACTS  Sligtitly  more  than  one  hundred  Infonation  centers  are 

reported.  These  centers  aj<«  engaged  in  collecting  and  disseminating  informa¬ 
tion  on  a  variety  of  materials  and  hardware.  In  some  oases^  access  to  the 
ijiformation  Is  restricted  to  measbers,  supporters  and  government  organisations 
and  in  other  oases  information  is  disseminated  to  all  inquires. 


UADC  TR  58-655  December  1958 

0T3  Release 

SUBJECTS  AIR  RESEARCH  AND  DEVELOPMENT  COMiAND  TECHNICAL 

SYMPOSIUM  9-10  JUll  1958  -  Statler^lton  Hotel, 

Dalles,  Texas 

ABSTRACTS  In  perhaps  no  other  period  of  recorded  history  has  the 

attention  of  the  world's  peoples  been  more  closely  focussed  upon  the  endeavors 
of  the  soientifie  eoummunity  than  they  are  today.  In  exchange  for  this  neidy- 
aoquired  fame,  the  men  of  soienoe  have  responded  to  an  astounding  degree, 
Ui^out  a  doubt,  the  most  singular  event  they  have  precipitated  is  the  birth 
of  the  Space  Age  «  the  opening  of  a  vast  new  frontier  whose  possibilities, 
like  its  dimensions,  are  limitless. 

The  exidoration  of  the  Immensity  of  space  will  call  upon 
vehicles  and  propulsion  systems  with  characteristics  previously  believed  un¬ 
attainable,  ill  of  the  classes  of  materials  idiieh  combine  to  make  up  these 
v^oles  and  their  attendant  syst^os  must  function  reliably  and  durably  with¬ 
in  an  atmosphere  alien  to  that  known  during  their  terrestrial  life,  Cosmio 
radiation,  aurorae,  meteorite  dust,  operation  in  a  near-vaonnm,  the  question¬ 
able  effects  of  aero-gravity,  and  a  host  of  other  factors  in  e^ination  rep¬ 
resent  formidable  barriers  to  long  life  of  space  materials.  It  may  truly  be 
said  that  of  all  the  building  blocks  vihioh  comprise  a  weapon  system,  the 
materials  of  construotion  form  the  keystone. 

The  problems  which  confbont  us  in  the  development  of  su¬ 
perior  materials  may  best  be  resolved  by  a  free  discussion  of  ideas  and  in¬ 
formation  between  zmpresentatives  of  science,  industry,  and  the  military 
services.  It  is  our  sincere  hope  that  the  technical  papers  and  the  panel  dis¬ 
cussions  of  this  symposium  will  larovide  the  opportnni^  for  sudti  a  mutual 
Interchange, 
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M4TERIAIS  mSICS 


WADC  TR  56-i^  Ft  II  October  195$ 

ASTU  DoooBieBt  Ho,  m  20m3 
OSS  Rdcase 

SUBJECT  t  msmavixim  of  ehissiviti  ahd  refi£Ctivitx 

DATA  OR  AIRCRAFT  STRDCTUBAL  MATERIALS 

PART  II  -  Tcohslques  for  MeesvrcoBeiit  of  Total 

Heowal  BnlaslTitarf  Horaal  SpeotE«l  SslaalYltgr^ 

Solar  AbtorpHTi^  aod  Presentation  of  Reaults 
INVISTIGATIOH:  Hm«rd  T,  Bets 

0,  HarE7  Olson 
Bert  D,  Sdiurln 
Janes  0*  Morris 
COHTBACTi  a  33(6l6)-^2 

COHTRAt^ORs  Amour  Research  F^ti^tlon 

ABSTRACT  I  EqnlpBMt  has  be^  desigBod^  oonstmoted  and  calibrated 

for  tiie  i^surei^t  of  total  nomal  missiri^  in  the  range  -300*’F  to  43000^ 

F,  The  prooednre  consists  in  cmparing  the  total  nonssl  radianee  of  a  sssple 
to  ‘Oiat  of  a  ooaipaid.8(MQ  hlaokbodj',  the  mtio  of  tte  signals  being  tak«i  as 
the  eKissiritj,  A  themlstor  detector  is  used  in  ocmjusotion  vith  a  folded 
optical  i^tttB  to  ree<»^  the  radiation  idiicdi  is  chopped  at  16 

%e  nomal  speotral  enissivit^  ealues  are  obtained  b^  an 
optdoal  pp>offi6ter  nethod  uhidx  nakes  me  of  the  relaticmdiip  between  the  true 
teaperat^  of  a  sanpLe  to  its  ai^iamnt  brightness  t<aq)eratGre»  A  Leeds  and 
lorthn;^  diaai^aring  ^laoMnt  pironetMr  is  used  to  nake  tie  neoessarj  neas- 
uresMnts, 

An  integratLng  sphere  refleotmeter  is  used  to  neasnre 
speotral  refleotivity  in  the  wavelength  range«  0«3  to  3*0  adarons,  A  QesMral 
lieotolo  Recording  Speotrophotomter  is  used  for  tie  visible  range  and  an  ap> 
paratus  of  our  own  design  f^  the  ult'aviolet  and  infkared#  The  latt«r  aqd<^8 
a  Perkia-glflier  nonodirmatory  a  oonparison  type  integrating  sphere^  atsl  a  lead 
sulfide  eell  detected,  Speotral  refleotivit^r  data  are  ooobined  with  solar 
speotal  en^gF  data  to  ^temine  s^ar  absorptivitF  at  sea  level  and  above 
the  earti*8  ataosphera. 


WADO  TR  56-222  Ft  II  Sup  I  October  1958 

ASTIA  Dooiasnt  Ho.  AD  202494 
OSS  Release 
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SUBJECT:  DETiaiMIHATIOll  OF  EMISSIVITY  AND  BEFLECTIVITI  DATA 

ON  AIRCHAFT  STRUCTURAL  MATERIAIS 
INVESTIGATOR:  0.  Hany  Olaon 

Janas  C»  Morris 
CONTRACT:  AF  33(6l6)-3002 

CONTRACTOR:  Armour  Research  Foundation 

ABSTRACT:  Total  normal  OBissivlty  data  are  presented  for  a  list 

•of  naterials  idiieh  could  not  be  measured  vith  the  equipment  described  in 
the  main  body  of  the  report.  Instead  they  were  measured  with  equipment 
developed  subsequently  to  handle  refractories  and  glasses.  In  the  former, 
samples  were  heated  by  conduction  heating  in  vacuum,  in  the  latter,  samples 
were  heated  In  a  tubular  fusmace  in  air. 

Spectral  Reflectivity  curves  from  0.3  to  2*7  microns  are 
presented  for  a  list  of  naterials  and  their  solar  absorptivity  values  hare 
been  oaloulated. 


WADC  TR  56-423  Pt  II  September  1958 

ASTIA  Document  No.  AD  157X69 

SUBJECT:  THERMAL  PROPERTIES  OF  CERTAIN  METALS 

PART  II  ..  Iron,  Beryllium,  Iridim,  Palladium, 

Platinum,  and  Tungsten 
INVESTIGATOR:  Thomas  C.  Goodwin,  Jr. 

Ifeiuree  W.  Ayton 
CONTRACT:  DO  33(616)55-10 

CONTRACTOR:  library  of  Congress 

ABSTRACT:  The  bibliography  on  the  thermal  properties  of  certain 

metals  consists  of  references,  uil^  abstracts,  to  pertinent  open  literature 
published  firom  1920  to  1957,  and  to  unclassified  reports  issued  from  about 
1944  to  1957«  These  references  were  obtained  by  a  comprehensive  seardi  of 
the  sources  listed  in  the  Introduction.  The  material  included  in  the  bibli¬ 
ography  pertains  to  various  thermal  propsrUes,  namely,  hsat  capacity,  thermal 
conductivity,  emissivity,  thermal  diffusivity,  and  thermal  expansion  of  iron 
(pure),  beryllium,  iridium,  rhodium,  palladium,  platinum,  and  tungsten. 


WADC  TR  57-374  Pt  IV  October  1957 

SUBJECT:  PHYSICAL  PROPERTIES  OF  HIGH  TEMPERATURE  MATERIAIS 

PART  IV  -  Thermal  Diffusivity  Apparatus  for  100®  to 
1,500®C 

INVESTIGATOR:  Howard  W.  Plieger,  Jr. 

Defoe  C.  Ginnings 
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CONTRACT!  DO  33(616)56-21 

CONTMCTORi  ^tional  Bureau  of  Standards 

ATTRACT!  An  apparatus  has  been  designed  and  constructed  for 

Bwasuring  diffusivities  up  to  about  1500 ®C*  Values  of  themal  conductivity 
a»y  be  derived  from  liiernsil  diffusivity  values  using  density  and  heat  capac¬ 
ity  values,  Bie  apparatus  was  designed  for  measuronents  on  materials  having 
thern»l  diffusivity  values  less  than  0,1  ca^/sec,,  su<di  as  most  refractory 
oxides  at  moderate  to  high  temperatures,  A  radial  heat  flow  method  is  used^ 
heating  the  outside  of  a  cylindrical  sample  at  a  constant  mte  and  measuring 
the  resulting  radial  temperature  difference*  Prellmliwry  testa  at  moderate 
temperatures  have  indicated  satisfactory  performance  in  both  precision  and  in 
ease  of  operation.  The  apparatus  will  be  used  to  measure  thennal  diffusivities 
of  certain  ceramic  mterlals  idiich  seem  suitable  as  standards. 


WADC  TN  57-395  May  1958 

ASTIA  Document  No,  AD  15U88 
OTS  Release 

SUBJECT!  DENSITY  MEASUREMENTS  FOR  SMALL  PARTICLES 

INVESTIGATOR!  Nora  1,  Srp 

ABSTRACT!  A  method  is  described  for  deteimdnlng  the  density  of  small 

solid  objects,  A  capillary  buret  is  used  to  di«w  liquid  from  a  convex  men¬ 
iscus  at  the  top  of  a  small  metal  cup  until  the  meniscus  breaks.  The  small 
object  is  than  dropped  into  the  cup  and  the  excess  liquid  is  drawn  into  the 
buret  until  the  meniscus  breaks  again.  The  difference  between  the  two  levels 
on  Hie  buret  measures  the  volume  of  the  material.  The  weight  of  the  material 
divided  by  the  volume  gives  the  density  of  the  object  in  grams  par  cubic  centi¬ 
meter,  Hiese  samples  were  measured  at  80®  +  0,5“  Fahrenheit,  Since  standards 
were  not  obtained  the  accuracy  was  not  determined.  The  expected  deviation 
from  the  mean  for  a  single  determination  is  +  0,Cy?  g/cc. 


WADC  TN  57-413  1958 

ASTIA  Document  No,  AD  151139 
OTS  Release 

SUBJECT!  INFRARED  ABSORPTION  SPECTRA  OF  BROMOHYDROCARBONS 

IN  THE  15-35  MICRON  REGION 
INVESTIGATOR!  Wilbert  R.  Powell 

ABSTRACT!  The  infrared  spectw  of  a  series  of  aliphatic  and  aromatic 

bromides  have  been  studied  with  the  intent  of  establishing  the  carbon-bromine 
stretching  vibration  absorption  band,  Infmred  spectra  of  the  straight  chain 
aliphatic  series  produce  two  strong  absorption  bands  in  the  15,5-15,7  micron 
and  the  17,7  to  18,0  micron  region  due  to  the  trans  and  ^uche  vibrations  of 
the  TOH2-Br  group.  At  least  one  strong  absorption  band,  idiich  appears  to  be 
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oharaetArlstlo  of  «  G-Br  strotoblng  ylbratlon,  1*  present  in  ttie  15“20  aioren 
region  in  all  the  aliphatie  broaides  studied. 

The  asslgnnent  of  bands  to  the  oarbon-Bromine  stretching 
Tihration  in  aronatio  bronddes  is  eoDplieated  by  the  presence  of  Imnds  due 
to  Ylbrations  of  the  aromatic  ring  structure. 


WADC  TR  57-468  June  1958 

ASTI/  Document  No.  AD  155605 

SUBJECT*  THERMAL  PROPERTIES  OF  HIGH  TEMPERATURE  MATERIALS 

INVESTIGATOR:  Richard  D.  Seibel 

George  L.  Mason 
CONTRACT*  AF  33(6l6)-3696 

CONTRACTOR*  Denver  Research  Institute 

ABSTRACT*  Equipment  has  been  designed  and  built  for  the  measusrement 

of  the  speoiflo  heat,  thermal  conductivity  and  therosal  expansion  of  a  aeries 
of  ten  metals  and  oeramics.  These  measurements  are  from  about  lOOO^’F.  to 
the  melting  point  or  3000**F.,  wbidiever  is  lover.  A  vacuum  dilatometer  using 
a  linear  variable  differential  transformer  as  the  sensing  element  has  been 
used.  A  comparative  method  for  measuring  thermal  conductivity  has  been  used. 

The  heat  capacity  uas  determined  with  an  ice  calorimeter  and  its  associated 
high  temperature  furnace  designed  to  operate  up  to  5000‘*F. 

Data  are  presented  for  the  expansioa  of  all  of  the  test 
materials.  Enthalpy,  specific  heat  and  thermal  conductivity  data  were  determin¬ 
ed  for  only  part  of  the  materials.  All  data  are  presented  gra|Meally. 


WADC  TR  57-627  November  1957 

SUBJECT*  PHOTO-CONDUCTIVE  MATERIALS  FOR  USE  IN  HIGH 

INTENSITY  NUCLEAR  RADIATION  MEASUREMENTS 
INVESTIGATOR*  Robert  J.  Robinson 

Lecoid  V.  Asaroff 

CONTRACT*  AF  33(616) -3762 

CONTRACTOR*  Armour  Research  Foundation 

ABSTRACT:  This  report  describes  the  results  of  a  one  yeer  program 

for  the  stttiy  of  photoconduotive  materials  for  use  in  high  Intensity  nuclear 
radiation  measurements.  The  major  accomplishment  of  this  program  is  the 
correlation  of  gamma  ray  Induced  photoconductivity  to  the  well  knovm  visible 
ll|^t  induced  pbotoconduotivityo  The  phenomenologioal  theory  of  photocon¬ 
ductivity  is  shown  to  apply  to  the  gamma  ray  region  as  well  as  to  the  visible 
lig^t  region.  The  energy  dependence  observed  in  the  response  of  GdS  crystals 
is  shown  to  be  doe  to  the  energy  dependence  of  the  absorption  process.  The 
average  ionization  energy  is  shown  to  be  in  good  agreement  with  independent 
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wmBmemmtm  esi^oying  alfriia  aiul  beta 

f%Nt  Bwthods  for  Roving  ain^e  ^^tal8|  a  flov  aystm 
and  a  atatio  were  widoyed  la  the  {^epaietloa  of  aia^e  ^r^tala 

of  oadsdtn  auinde*  “Sheam  can  be  gt&m  large  mx&v^  for  dewiee  purpoaea^ 
az^  wl^  ttte  deaired  electoloal  in^opertlea  by  control  of  the  iaparltiee 
added*  PolycryataUine  detectoze  can  be  preparwi  in  aerexel  wa^l  howerer^ 
^eir  zeapoi^e  i^opertiea  are  not  aa  good  as  tiiose  obtained  viik  aiagle 
cr^tala* 


HADO  TO  58-46  May  1958 

ASTIA  Docnaent  Ho.  AD  155522 
OTO  ^Leaae 

SDBJKT*  AH  SHRACTIOH  PWJCIDIJBE  TOR  TOE  DETOMUHAriOH 

OP  TOE  METAUIC  CO®TITOEHTS  TO  GREASES 
TOVESTIGATORi  hKtrf  A*  Itorah,  1/^it# 

ABSTRACT:  A  dlaciMelm  lb  glwwi  of  cor^ltlona  required  for  the 

exl^ctim  of  the  netiCLlic  icnai  from  an  or^nie  liqidd  aoap  te  u  aqiMcma 
phase  previoua  to  the  dete»sdm1d.mi  of  the  Betallic  QoncMit2^ti(ni. 

An  analyti<»l  procedure  for  theae  ima,  ueing  the  flaae 
photoneter,  is  i^op(Mied  ai^  evaluated. 


IttDC  TO  58.56  August  19% 

ASTIA  Docua^nt  Ho.  AD  15%2L 
OTO  Release 

SUBJECT:  THE  EVAIDATIOK  AHD  ADAPTATIOH  OP  THE  ^MIHATICW 

TECHHIQOE  OP  DETERMIHIHG  OUGMI  TO  METAIS 
IHPESTIGATOR:  Lois  A,  Keyser 

Charles  0.  Houstm 

ABSTRACT:  This  papm^  eontelna  laboratory  reaulta  and  dlaeusaion 

of  the  problem  of  detensinlng  oxygen  in  titanium  ud  oth«  metals  miing 
'tiie  technique  of  bromlnatlcni. 

The  gravimetric  bromiiA^on  equipment  %»8  adapted  for 
use  with  the  cooduetcmetrio  carbon  diradde  detezminator  so  tt»t  the  length 
of  time  of  brcaninatim  could  be  shortened  and  a  lower  range  of  orygen  could 
be  Mssured  accurately. 

An  ewli^timi  of  the  owtiiod  and  Ihe  reconm^ndatlons  for 

its  use  is  given. 
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WADC  TH  5S-58 

ASTIA  Dooument  No.  AD  155523 


May  1958 


SUBJECT*  A  SIMPLIFIED  AIR  SAMPLING  METHOD 

INVESTIGATOR:  Roboct  0.  Thomas 

ABSTRACT:  This  roport  desorlbea  a  fiast  and  affloient  aethod  of  do- 

termiaing  tho  radloaotlve  particulate  natter  oont^t  of  air.  A  oonparison 
is  nade  with  the  prerloas  tine  eonsumlng  aethod  to  show  the  advantages  of 
the  new  method.  The  method  Is  unique  for  calibration  since  the  counting 
system  can  be  easily  calibrated  for  any  isotope  to  be  used  for  coaparisoa 
purposes.  This  method  is  definitely  an  advanc^nent  in  the  8tate«^f>the-art 
for  air  sampling  techniques. 


WADC  TR  58-59  Jby  1958 

ASTI A  Document  No.  AD  155524 

SUBJECT:  QUANTITATIVE  DETERMINATION  OP  FLDORINATED 

FUNGICIDAL  AGENTS  IN  AIR  FORCE  MATERIEL 
INVESTIGATOR:  I&irry  V.  Drushel 

Doris  J.  Toft 

CONTRACT:  AF  33(6l6)-3998 

CONTRACTOR:  Mellon  Institute 

ABSTRACTS  Methods  for  the  extraction  of  the  fungicides  l-fluoro-3" 

aethyl^yS-dinitrobensene  and  5y5*-difluoro-2,2*>dihydroxy(liphenyl  sulfide 
have  been  developed  on  the  basis  of  the  aechanism  of  interaction  between  the 
fungicide  and  the  treated  material.  Numerous  methods  Including  polarography, 
speotrophotometryy  cmd  colorimetry  have  been  shown  to  be  useful  for  the  de¬ 
termination  of  these  fungicides.  Leather,  however,  offers  considerable  dif¬ 
ficulty  during  analysis  because  of  serious  interferenoe  froa  tannins  idiloh 
are  simultaneously  extracted.  Steam  distillation  or  azeotropio  distillation 
with  organic  solvents  was  not  successful  for  saparating  the  fungicide  fTon 
tannins.  Anion  exchange  chromatography  was  used  to  separate  the  fungicide 
but  this  technique  suffers  from  the  disadvantage  of  being  time-oonsu^ng. 
Some  additional  methods  of  separation  and  determination  idiloh  have  not,  as 
yet,  been  examined  are  discussed.  The  choice  of  any  one  of  the  analytical 
methods  described  will  depend  upon  the  nature  of  the  material  idiich  has  been 
treated  the  fungicide. 


WADC  TR  58-70  June  1958 

ASTIA  Document  No.  AD  155630 
0T3  Release 

SUBJECT:  HEAT  CAPACITI  DETERMINATION  OF  MINERAL  AND  SINTHETIC 

ENGINE  OILS,  LUBRICANTS,  FUEIS,  AND  HYDRAULIC  FLUIDS 
IN  THE  TEMPERATURE  RANGE  70®-  500®P. 
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INVESTIGATOR; 


J,  VJ,  Barger  To  M,  Medved 

G,  C,  Bolze 
CONTRiiCT;  AF  33 (616) -5269 

CONTRACTOR;  Midwest  Research  Institute 

ABSTRACT;  An  adiabatic  calorimeter  for  measuring  heat  capacities 

liquids  in  the  temperature  range  70®  to  500®F  was  designed  and  constructed.  Ex¬ 
perimental  technique  and  methods  of  calculation  were  devised  to  minimize  errors » 
Using  these  calorimeters,  the  heat  capacities  of  32  mineral  and  synthetic  engine 
oils,  lubricants,  fuels  and  hydravdic  fluids  were  measured.  The  heat  capacities 
v;ere  measured  at  five  temperatures  spanning  the  70®  to  500®F  range.  The  calcu¬ 
lated  errors  in  the  final  results  were  2  to  5  percent, 

WADC  TR  58-73  September  1958 

ASTIA  Document  No.  AD  155871 
OTS  Release 

SUBJECT;  THE  EFFECTS  OF  GAMMA  IRRADIATION  ON  ACRYIGNITRIIE- 

BUTADISNE  C0P0I2MERS 

INVESTIGATOR;  John  A.  Parker  E.  A.  Peterson 

Freen»n  F.  Bentley  Denver  Bble 

ABSTRACT;  Changes  in  the  chemical  and  physical  properties  produced  by 

the  irradiation  of  a  series  of  acrylonitrile— butadiene  copolymers  vair^lng 
composition  ftron  20  to  50$  aci^lonitrile  with  gamm  photons  from  the  oobalt-60 
source  at  l(&*i^t  Air  Development  Center  have  been  measured  and  correlated  with 
the  nature  of  idle  copolymer,  initial  type  of  cure  (sulfur,  peroxide,  or  radia¬ 
tion),  arei  the  total  integrated  dose.  This  dose  has  been  converted  to  the 
energy  equivalent  in  graphite  units  now  being  recommended  for  standardized  dos¬ 
age  terminology. 


The  efficiencies  of  these  cross-linking  processes  induced  by 
radiation  have  been  estimated  from  the  molecular  weights  between  cross-links, 

M,  determined  swelling  volume  measurements  by  a  procedure  similar  to  ttiat 
used  for  natural  rubber  Charlesby.  This  molecular  weight  varies  with  the 
radiation  dose  according  to  the  general  relationship; 

Me  =  m 
r^  + 

Where  r*  is  the  actual  radiation  dose  Incurred  'ty  the  sample  and  r^  is  an  amount 
of  radiation  equivalent  to  the  initial  number  of  cross-links  in  the  system.  The 
slope  varies  with  the  j^rticular  copolymer. 

The  efficiencies  of  cross-linking  determined  in  this  way  are 
a  more  realistic  measure  of  the  relative  stabilities  of  these  copolymers  than 
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a  comparison  of  the  complex  physical  properties.  Nevertheless,  reasonable 
agreement  exists  between  cross-linking  densities  determined  by  swelling  voltmie 
and  those  determined  by  modultis  measurements.  The  very  regular  behavior  of 
the  change  in  cross-linking  density  as  a  function  of  the  total  amount  of  energy- 
deposited  in  terms  of  equivalent  in  graphite  suggests  the  use  of  such  polymers 
in  dosimeter  applications.  These  relationships  enable  one  to  predict  the 
energy  equivalent  par  gram  of  graphite  for  compositions  cured  by  either  sulfur 
or  peroxides. 


The  qualitative  changes  in  the  chemical  structure  associated 
with  the  radiation  Induced  cross-linking  have  been  characterized  by  infrared 
spectra,  ^y  using  the  incremental  change  in  modulus  it  is  possible  to  apply 
the  empirical  equation  proposed  Sisman  and  Bopp  relating  the  change  in 
Toux^*s  modulus  to  total  dose.  Specific  constants  for  -these  equations  have 
been  calculated  for  this  series  of  elas toners  by  means  of  ^ich  one  may  pre¬ 
dict  the  useftil  life  of  mechanical  rubber  goods  compounded  from  -them  in  a 
radiation  field  of  known  intensity. 


WADC  TH  58-105  1958 

ASTIA  Document  No.  AD  155571 
OTS  Release 

SUBJECT:  BIBUOGRAPHI  ON  PHOTOGRAPHIC  FII2i  DOSIMOTRX 

INVESTIGATOR:  Gordon  H.  Griffith,  2/Lt.  USAF 

ABSTRACT:  This  report  contains  a  bibliography  of  several  books  and 

articles  that  have  been  published  through  1957  on  photographic  film  dosimetry. 
It  has  been  divided  into  two  parts,  one  for  X-  and  gamma  radiation  and  the 
other  for  neutrons.  Brief  abstract  ^pe  comments  are  included  with  each 
reference e 


WADC  TR  58-II2  August  1958 

ASTIA  Document  No.  AD  155771 
OTS  Release 


SUBJECT: 


TRANSFORMATIONS  OF  SOLUTIONS  OF  DIFFUSION  EQUATIONS 
IN  TWO-MEDIUM  GEOMETRIES 


INVESTIGATOR:  Visvaldis  Mangulis 

CC»TRACT:  AF  33(616)-5187 

CONTRACTOR:  TRG,  Incorporated 

ABSTRACT:  The  purpose  of  the  work  performed  was  to  find  transforma¬ 

tions  of  solutions  of  diffusion  equations  in  certain  two-medium  situations  for 
isotropic  sources  having  simple  geometric  shapes.  It  is  expected  that  the 
rssul-bs  will  be  applicable  to  some  shielding  problems.  The  transformations 
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were  obtato«d  for  "Uie  foUoidng  soureoss  [«lat,  disk,  infinite  plane,  and 
solid  <^littder  sources  interior  to  a  sod-inflnite  aiediuB  Joined  at  an  in~ 
finite  plane  surface  to  a  source  ftree  8«Bl-inflnlte  Mdlum  of  a  different 
■aterial,  and  Sjiieni^l  shell  or  solid  sphere  sources  intM’ior  to  a  sjheri- 
<ail  aedluB  irt>edded  in  an  infi[tf.te  iwdlwa  of  a  different  aaterial  • 


WADC  TR  58-129  Atiguat  1958 

iSTiA  Document  Ho«  AD  155816 
OTS  Release 

SUBJECT I  MEASUREMENT  OP  SOME  THERMAL  PROPERTIES  OP  THREE  GLASSES 

INTESTIGATORj  John  V,  Meloms 

Perr^  C*  Coirington 
Coultes  D*  Pears 
CONTRACTS  AP  33(6l6)-5264 

CCWTRACTORs  Soutliem  Ites^irch  iMtitute 

ABSTRACTS  The  tiiersml  ccmductl-flty  and  heat  capacltj  were  determined 

f<^  the  following  three  glass  nal^rialss  (1)  Soda-Ume  Silica  (ld.hbe7-0wen- 
Pord  9330),  (2)  Borosilicate  (Pittsburg  Mato  Glass  3235) »  (3)  Alumlaa- 

Silicate  Glass  (Coming  Glass  Works  1723)*  Qiis  investtgation  <MSTered  the 
teaparature  range  PTot  -100®P  to  the  strain  p>lnt  of  ttie  material^ 


WADC  TO  58-134  August  1958 

ASTI  A  Ikioument  Ho*  AD  155773 
Release 

SUBJECTS  THE  DITERMINATIOH  OP  NEAR  INFRAR®  SPECTRA 

INVESTIGATORS  Scott  ^derson 

Re^oi^  Isaac 

COiTRACTs  AF  33(6l6)-5283 

CONTRACTORS  The  A^ersm  H^ical  laboratory 

ABSTRACTS  Ei^t  hundred  and  fifty  (850)  nmt  infrared  spectra  of 

irarioua  classes  of  or^nio  compounds  and  cosmerclal  mixtures,  of  interest  to 
tise  Air  Force  Research  and  Itevelopmsnt  Proffroa,  were  determined  between  the 
region  O,*^  to  2«8ji  wi^  "tte  use  of  a  Beckman  DK-2  Ratio  ^cording  Speotro- 
photoneter* 

Rapid  sorting  of  speetm  was  irovlded  tke  i^e  of 
Ityemdotte  -  ASTM  structure  and  naiM-ftnmrula  I^  cards*  A  maihod  foe  coding 
near  infrared  absorption  baMa  m  the  stai^rd  l^ndotte  -  ASTM  oard  was 
deelaed* 

Me^(xis  of  asmpile  prepamtion  and  the  use  of  solTmts  is 

discussed* 
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WATO  TI  58»142 

ASTIA  DocusB«at  No,  AD  15576a 
OTS  Bal^ae 


SUBJECT*  THl  IDWIFIGATIOI  OF  CIXSTALLIIE  miOGMES 

BI  3URAI  DIFFRACTION 

INVESTIGATOR*  William  L.  l/Lt  USAF 

ABSTRACT?  X-ray  diffraotioa  patteras  for  twenty-tfereo  solid  ©rystalc^ 

lias  fsrrocanss  are  presented.  These  eompouads  are  of  interest  beoause  of 
thoir  high  thecal  stability  and  wide  potential  applications.  They  are  parti¬ 
cularly  well  suited  for  x-ray  diffraction  analysis  because  of  their  orystallin® 
nature  and  the  indiuldualistie  patterns  obtained  trm  these  compounds. 


WIDC  TN  58-146  February  1959 

ASTIA  Document  No,  AD  209909 
OTS  Release 

SUBJECT?  THE  MECHANISM  OF  SOME  SIMPLE  CHEMICAL  REACTIONS 

OCCURRING  UNDER  THE  ACTIdl  OF  IONIZING  RADIATIONS 
INVESTIGATOR?  Lowell  A.  King,  lAt.  USAF 

ABSTRACT?  A  comparison  of  the  suspected  initial  species  formed  in 

the  radiation  interaction  primary  act  with  the  diaraoteristics  of  subsequent 
chemical  reactions  affords  the  possibility  to  follow  the  roles  of  lonl^tion, 
exoitation,  dissociation,  and  other  initial  processes  in  a  radiation  chemlstxy^ 
reaction  and,  in  this  way,  explain  its  meeha^sm.  Such  onsparisons  are  car¬ 
ried  out  in  this  report,  and  a  summary  of  data  is  given  par^inlng  to  slm^e 
radiation  ohesaistry  reactions  of  hydrogen,  oxygen,  carbon,  nitrogen,  and  a 
few  of  tiieir  moat  simple  compounds. 


WADO  TR  58-158  July  1958 

ASTIA  Document  No,  155727 
OTS  Release 


SUBJECT? 

INVESTIGATOR? 


INVESTIGATION  OF  EFFECTS  OF  RADIATION  APPLICABLE  AS 
GAMMA  RADIATION  D03IMSTERS 
J,  F,  Kircher  B*  W,  King 

H,  J,  Oestmann  W,  A,  Hedden 

J,  H,  Cahn  J,  Moody 

P,  Schall  G.  D,  Galkins 

AF  33  (616) -3905 
Battelle  MW>rial  Institute 
This  project  was  initiate  to 


CONTRACT? 

C0NTRAC3T0R? 

ABSTRACT?  This  project  was  initiate  to  survey  the  field  of  radia¬ 

tion  effects  to  determine  which  effects  mi^t  be  useful  for  high-level 
gamma  dosimetry.  Accordingly,  the  approach  has  been  to  survey  the  litera¬ 
ture  in  broad  areas  and  then  to  initiate  experimental  studies  in  ^lose  eases 
vhera  additional  Informatim  was  require  for  evaluation  of  certain  systems. 
It  \»3  not  possible,  however,  to  carry  out  experimental  programs  with  all 
promising  systems. 
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ni«  araas  taTsstigated  fall  into  four  ^naral  cata^riass 
orgaalo  a^ataas^  laor^uilo  ead^idoa-radvustion  reactions,  saalsonductor 
■atarials  and  davlcas,  ttod  eai^alsa, 

Seva«il  proaising  or^nle  sjatona  are  evaluated*  Polyner 
s^staas  and  dja  solutions  will  sarva  as  dosliastars,  but  prolMbly  not  to  tiia 
hl^  dosages  dsslrad*  itodnetlon  of  mtel  oxides  hydrogen  sTolutlon  from 
organic  oatarial  bol^  prMiisa  but  naads  nora  stu«^  for  iropar  amluationo 

The  litai«tera  on  z^iation  affacts  on  inorganic  reactions 
vas  surrayad  but  no  ntparln^ntel  work  ms  undartalom^  Howa^er,  soma  pr^sls- 
ing  systems  are  pointed  out, 

A  thaoratiml  stt^  of  ^unia.x^y  affects  in  samlcoi^iMtor 
materials  pointa  up  the  energy  dapai^ance  of  this  effect.  It  ms  domnstratad, 
howeTer,  that  single  s^dconductor  deTloas  can  Amotion  as  vary  hi^.>lnten8l^ 
dose  rata  meters. 


Savexml  pemising  glass  fcmmuLations  were  uncovered,  These 
are  i^lnarlly  antlmsi^te  glasses,  with  and  witiiout  added  polyvalmt  aelal 
oxides,  and  hi^-lead  glasses,  niesa  gLassas  sl^  pnndse  of  being  mefhl 
dosimeters  to  the  hipest  dosage  of  interest,  IcA^  erg3/g(C). 


W4DC  TR  58-179  Moveaiber  1958 

ASTIA  Document  Ho,  AD  204-795 
OTS  Release 


SUBJECT  I  MEi^UREtENT  OF  THE  THERMAL  PTOPERTIK  OP  VARIOUS 

AIRCRAFT  STRUCTURAL  MATERIAI5 
IHVESTIGATORi  John  f ,  Malcmas 

Perry  C,  Govii^ton 
Conltas  D.  Pears 


COHTRACTx  AF  33 (616) -3328 

CONTRACTORi  Southern  Research  Institute 

ABSTRACT!  'niargiial  expans i<m,  specific  heat,  and  Ihemal  conductivity 

properties  were  measured  for  six  struotusal  panels  ai^  cores  throi^  a  temper¬ 
ature  range  ftt?*  -100  to  600®P,  In  addition,  sc«»  physic^  tests  were  made 
on  these  materials,  'Dhe  materJals  <^vered  in  'Uie  Inves'Upttion  consisted  of 
one  asbestos-resin  laminate,  tiiree  fiber^ss-resin  laminates,  and  two  flber- 
glass-resln  fluted  core  sai^wich  panels. 


The  test  procedures  aiMl  equipment  used  in  tiie  theraAL  prop¬ 
erty  evaluations  are  modifications  of  the  procedure  described  in  WADG  TR  54“ 
306  according  to  MIL  and  Federal  specifications. 
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May  195B 


WADC  TR  58-198 
ASTI  A  Document  No.  AD  155566 
OTS  Release 

SUBJECT*  ANALTTICAL  APPUGATIONS  OF  PAR  INFRARED  SPECTRA  II. 

SPECTRA-STRUCTURE  OORREUTIONS  FOR  ALIPHATIC  AND 
AROMATIC  HIDROCARBONS  IN  THE  CESIUM  BROMIDE  REGION 
INVESTIGATOR*  Freeman  F.  Bentley 

Eugene  F.  Wolfarth 

ABSTRACT*  !Rie  inft'ared  absorption  spectra  of  some  400  aliphatic 

and  aromatic  hydrocarbons  have  been  investigated  from  15  to  35  miorons  and 
the  oharaoterlstic  absorption  frequencies  incorporated  into  speetrastructure 
correlation  charts.  The  classes  of  compounds  studied  were  alkanes f  alkenes, 
eyclopropanesy  eyolobutanes,  eyclopentanes«  oydohexanes,  substituted  benzenes, 
naphthalenes  and  biphenyls.  The  skeletal  bending  firequencies  of  the  alkanes 
and  alkenes  and  the  nonplanar  bending  frequencies  of  cycloalkanes  and  aronatios 
are  the  most  useful.  The  wavelength  and  intensity  of  the  out-^^iiplane  ring 
frequencies  of  aronatlo  molecules  give  some  Indication  of  the  nature  of  the 
substituents.  Tyidoal  infrared  spectra  of  the  hydrocarbons  are  presented. 


WADC  TR  58-198  Sup  1  December  1958 

ASTI A  Document  No.  AD  207796 
OTS  Release 

SUBJECT*  ANALITIGAL  APPLICATIONS  OF  FAR  INFRARED  SPECTRA  II. 

SPECTRA-STRUCTURE  CORRELATIONS  FOR  ALIPHATIC  AND 
AROMATIC  HIDROCARBONS  IN  THE  CESIUM  BROMIDE  REGION 
INVESTIGATOR:  freeman  F.  Bentley 

Eugene  F.  Wolfarth 

ABSTRACT*  The  Infrared  absorption  spectra  of  some  400  alijdiatio 

and  aroaatlo  hydrocarbons  have  been  investigated  from  15  to  35  microns  and 
the  characteristic  absorption  frequencies  Incorporated  into  spectra.ietruo- 
ture  correlation  charts.  The  classes  of  compounds  studied  were  alkanes, 
alkenes,  oyclopropanes,  cyelopentanes,  cyelohexanes,  substituted  benzenes, 
naphthalenes  and  biphenyls.  The  skeletal  bending  frequencies  of  the  alkanes 
and  alkanes  and  the  non-planar  bending  frequencies  of  the  aromatic  hydro¬ 
carbons  are  the  most  useftil  for  qualitative  analysis  in  this  region.  The 
wavelength  and  intensity  of  the  out-of-plane  ring  frequencies  of  aromatic 
molecules  give  some  indication  of  the  nature  of  the  substituents.  Typical 
infrared  spectra  of  the  hydrocarbons  are  presented. 
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ASTI A  Document  No.  AD  202499 
OTS  Release 
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summit 


IPUCTS  OF  Hliffl  IREMI,  HICH  IHTEHSITI  lllGTBO- 
MAOliriC  MDIAflOU  OH  OROAHIC  UQHIIS 
INVISTIGATCR  t  Hobart  M«  Wa^er 

I^and  H«  fowl# 


CONTRACTS  IF  33(6l6)-^38 

CONTRACTORS  Stanford  Rasear^  Instltuta 

ABSTRACTS  Ma tarsia  Mi^loFed  for  practical  mi^aar  powar  applicatlcms 

Boat  poasaaa  optlanns  raalatanca  to  radiation  affacta  on  thalr  w>lacular 
atructura,  Althou^  cartain  radiation  affacta  ara  conaidarad  b^Mfleialj^  tiia 
oajorit^  ara  dagradati^xa  to  an  uraccaptobla  dagrae  at  hi^  oUsaa  lavala*  nia 
functions  of  hydraulic  and  lubrioating  nnida  in  nnolaetf  povar  auxiliai^ 
aquipsent  are  raaaa  in  point.  Thaaa  Iluida  wm%  aaintain  viacoaity  and  fLaah 
point  at  optianm  lavala.  A  knoidedga  of  the  affacta  aolacular  atrnctaral 
charactariatiea  mpsm  radioljtic  atability  of  orgGusic  irataxlala  ia  naadad  to 
aid  in  tile  afficiant  daaign  of  radiation-raaiatant  aquipmeits  Scsia  saatariala 
aaj  of  necasaitj  be  located  in  a  hi^  flux  dmaitf  radia^on  ftald.  niia 
atsK^  attsai^ta  to  provide,  through  the  atwiy  of  aavaral  rapraaentativM  of 
different  ^paa  of  orpmic  atruoture,  l^c^round  information  which  aiaF  av^- 
^st  matitioda  of  Jisdioioua  choice  for  a  given  application. 


The  followii^  coai(poimda  ware  aubj  acted  to  hi^  m&tgj  elec¬ 
tron  bombardments  alk^l  aromatic  l^^rooarbona,  ar<snatic  attsara,  nitro  aroma* 
tied,  amino  ar^nati-ca,  and  alipiuttic  nixed  ether •^Icsdsol  typaa.  Quantitative 
neaaurementa  were  soada  of  the  aaounta  awl  tjpea  of  radiol^io  inroducta  formed. 
Infarencea  were  drawn  ft'on  auch  iMaaurementa  concerning  (1)  the  rela^va 
atabilitj  of  compounda,  ai^  (2)  the  inn.twnca  of  functional  groupe  upon  auch 
atability. 


Hi^er  molecular  wel^t  conpouivia  in  general,  ai^  con- 
danaed  aromatic  ring  ays  tens  in  j^rticiiLar,  are  the  most  rasiatrat  te 
radiation.  Aliphatic  or  heterai^tic  linkages  between  arcsi^tic  ring  systems 
are  sites  of  primary  radiol^ic  sclasion. 

The  extent  to  vdiidi  species  of  higher  molecular  wei^t 
than  parent  material  are  formed  la  directly  dependent  upon  tise  fate  of  the 
initial  praduots  of  the  acisslon  of  each  fwiiolytically  labile  linkage.  The 
primarT^  products  of  aaission  itfiy  (1)  l^rogwiate  and  revert  to  stable  for«| 
(2)  if  energetic  enou^,  they  may  attack  parwt  material}  (3)  they  may 
ccvidense  with  each  olAier  producing  products  csnparabla  ^  the  parwt  in  molec¬ 
ular  wei^t. 


Conpoimds  {xssaeasing  the  ability  to  assume  certain  spatial 
configurations,  allo^ng  resonance  effects  to  exist,  may  permit  absorbed 
energy  to  be  innocuously  reduced  to  levels  which  are  below  that  required  to 
rupture  the  TOlewlar  atoucture. 

The  presence  of  different  functional  greui»  on  aroaratio 
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ring  ssrsteias  mrkadly  inflsisne©  th®  mode  ©f  radiolytic  soission*  These 
differences  are  reflected  in  either  gas  field,  polymer  yield,  or  both, 

^e  data  do  not  ^rait  cc^plete  and  unequivocal  def5ni- 
tion  of  either  the  mode  of  radiolytic  deccaposition  or  the  delineation  of 
the  strtscture  of  all  products  detected. 

Mechanisms  for  product  formation  are  suggested  in  cases 
where  the  data  are  sufficiently  coherent  aiwi  complete  to  permit  rational 
systemisation, 

WAIXJ  TE  ^<-274  November  1958 

iSTIA  Document  Ho.  0  206892 
OTS  Release 

SUBJECT*  MEASUREMENTS  OF  THl!a4iL  P^PERTIES 

INVESTIGATOR*  I.  B,  Fieldhoue© 

J,  G.  Hedge 
J.  I,  Lang 

CONTRACT*  AF  33(6l6)-3701 

CONTRACTOR*  Aiaour  Research  Foundation 

ABSTRACT*  The  objective  of  this  program  was  the  measurement  of 

toe  hi^  temperatwe  thermal  properties  of  materials ,  The  materials  investi¬ 
gated  were  Stainless  Steel  type  316,  Stainless  Steel  type  347 ,  Hastelloy  R-235, 
Aluminum  Oxide,  Niobium,  Lithium  Ifydride  and  Synthetic  Sapphire,  The  themal 
conductivity,  specific  heat,  and  linear  toerml  exjMinsion  were  measured  from 
100®F  to  3000®F,  or  to  toe  melting  point  of  the  material,  toichever  was  lower. 
All  measurements  were  made  in  toe  Heat  Transfer  Laboratory  of  the  Propulsion 
and  Fluids  Departoent,  Armour  Research  Foundation  of  Illinois  Institute  of 
Teohnology,  Both  too  experimental  measurements  and  the  results  of  the  con¬ 
version  of  these  measurements  to  the  desired  physical  properties  are  given. 


WADC  TR  58-^05  March  1959 

ASTI  A  Document  He.  231693 
OTS  Release 

SUBJECT*  THERMAL  GOHDUGTIVIfl  OF  lUBRICATIKG  OILS  AND 

HXDRAUUC  FLUIDS 

INVESTIGATOR*  D.  W,  McCready 

CONTRACT*  AF  33(616) -3543 

CONTRACTOR*  University  of  Michigan 

ABSTRACT*  An  all«aetal  eonoeatrie  s^linder  type  of  thermal  conduc¬ 

tivity  cell  was  designed,  fabricated,  emd  calibrated  to  maaswe  the  thermal 
conductivity  of  forigr  natural  and  synthetic  base  lubricating  n.uids. 
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Th©ra»l  e©i»iuotivlty  wltt®0  in  th®  temperature  range  of 
?0  to  500®F  are  reported  for  fluids  considered  stable  to  the  hi^er 
t^pexature»  Hie  wadaum  tmperatttres  for  other  fluids  were  limited  by 
ti^elr  instabilities  under  test  cmditions*  Since  each  fluid  has  individual 
characteristics,  no  correlation  of  conductivity  values  appears  pe^slble* 
Values  are  ceuisidered  precise  and  for  possible  correlation  can  be  ccmpared 
to  those  of  a  fluid  chosen  as  a  "standeu^  refer^iee*o 


WADC  TR  58-476  January  1959 

iSflA  Document  Ho,  iD  207»5 
(XS  Unease 

SUBJECTS  THEBMOPHISIOAL  PROPERTIES  OF  SOUD  MATERIALS 

INVESTIGATORS  Alescander  Goldsmith 

Vestas  B,  Vaterscan 
CONTRACTS  AF  33(6l6)-.5212 

OCMSRMXORt  Armour  Research  fbundatlcui 

ABSTRACTS  Thermophysioal  property  data  for  a  number  of  solid 

materials  are  presented  in  botii  graiMoal  and  tabular  form,  with  all  entries 
annotated,  Ifeterlals  Included  are  generally  tiisose  witii  melting  points  in 
excess  of  1000®F, 

Tbls  -\^lume  is  the  partial  r^ult  of  Use  first  year’s 
effort  in  a  program  sdiose  objective  is  -Use  compilation,  evaluation  and  ccut- 
solidatlon  of  all  priaary  test  data  published  since  1940.  Altbou^  this 
report  is  inoonplete,  it  is  represttstative  of  the  end  item.  The  reasons  for 
its  early  distribution  are  to  disseminate  usable  information  on  mas^  li^oortant 
materials  and  to  eli(d.t  eosoMnts  and  sugges^ons  feu*  improv^ent  of  the  fiiAl 
product® 


WADC  TR  58-623  March  1959 

ASTIA  Document  No,  AD  211914 
OTS  Release 

SUBJECTS  A  NEW  INSTRUMENT  FOR  THE  DETERMINATION  OF  HOIEOULAR 

wucBT  m  mwmmiAL  vapor  pressure 
INVESTIGATORi  Norman  M,  WLederhom 

Jay  H,  Vreeland 
Rob^>t  R,  Perrsm 

CONTR^Ti  AF  33(6l6)-5483 

CONTRiCTORs  Arthur  0,  Uttle,  Inc, 

ABSTRiCTi  A  differential  vapor  pressure  Busleonlar  weight  instrument 

has  been  developed  and  oosss^uoted.  The  method  developed  is  suitable  for 
determining  molecular  veldts  of  sparin^y  8oltft>le  (0,1^  weight)  compounds 
in  ^  400  to  2000  molecular  iroi^t  range  to  an  accuracy  of  +5^,  The  measure- 
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Bent  IbtoItss  a  datamimtios  of  the  lowering  of  the  vapor  pressure  a 
known  weight  of  aaterial.  For  this  purpose  a  differential  pressure  cell 
possessing  the  requisite  sensitivity  of  4  microns  of  mercury  as  wel3  as 
necessary  cells  were  constructed*  This  hi|^  sensitivity  has  been  attained 
by  using  a  metal  foil  as  sensing  element  and  detemining  its  dis^ac^ent 
by  measuring  the  change  in  capacitance  between  the  foil  and  a  fixed  test 
electrode*  ^e  necessary  control  of  temperature  gradients  to  ^•C001**C 
was  aecom^ished  and  preliminary  calibration  and  investigation  on  sucrose 
solutions* 


WADC  TR  58>683  Mhreh  1959 

ASTI A  Document  No.  AD  211915 
OTS  Release 


SUBJECT:  EFFECTS  OP  HIGH  EKEKS,  HIGH  INTENSITY  ELECTROMAGNETIC 

RADIATION  ON  ORGANIC  LIQUIDS 
INVESTIGATOR:  Robert  M.  Vagner 

Leland  H*  Towle 


CONTRAST:  AF  33(6l6)-.3738 

CONTRACTOR:  Stanford  Research  Institute 

ABSTRACT:  Practical  nuclear  power  applications  require  organic 

materials  \diich  offer  optimum  resistance  to  the  undesirable  effects  of  radio 
ation.  Njrdraulio  and  lubricating  fluids  in  nuclear  power  auxiliary  equip¬ 
ment  are  eases  in  point.  Some  of  these  may  of  necessity  be  located  in  a 
hic^  flux  density  radiation  field* 


This  study  of  several  representatives  of  different  types 
of  organic  structure  was  an  attempt  to  provide  background  information  \diieh 
■ay  suggest  methods  of  Judicious  choice  for  the  efficient  design  of  radia¬ 
tion-resistant  equipment. 


The  following  ccmipounds  were  subjected  to  higd^  energy 
electron  or  gamma  bombardment:  aromatic  amines,  aromatic  nitro  compounds, 
alkyl  aromatic  ethers,  alkyl  aromatic  hydrocarbon,  and  ali];hatio  esters* 
In  addition,  alkyl  armatio  compounds  and  aliphatic  esters  were  subjected 
to  hi^  energy  neutron  bombardment* 


The  data  do  not  permit  either  complete  and  unequivocal 
definition  of  the  mode  of  radiolytlc  decomposlton,  or  comiG.ete  delineation 
of  the  structures  of  all  products  detected.  ConeltisioBS  were  drawn  concern¬ 
ing  (1)  the  relative  stability  of  compounds,  and  (2)  the  influence  upon 
stability  of  the  location  and  nature  of  functional  gror^.  The  conclusions 
derived  from  the  thlrty-month  study  are  listed  below. 

1*  Hi^er  molecular  weight  oompouivis  in  general,  and  condensed  aromatic 
ring  systems  in  partlodar,  are  the  m(»t  resistant  to  radiation* 
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Alij^tlo  m  hetarsoyollo  listagss  arwatie  ring  s^teos  are 

sites  of  ^iaaiy  radiolytie  scission. 

2.  %e  extent  of  fon^Uon  of  species  of  hi^er  aolectAar  wei^t  ^»n  tbe 
parent  naterlal  is  diroetty  depanlent  upm  tte  fate  of  tt»e  iniUal 
p'odtuts  of  the  scission  of  ea<^  ^dioiytio^ly  labile  linkage.  Ihe 
indiBSiy^  prMuots  nay  either  (1)  hylrog^te  and  revert  to  8tia>le  for®^ 

(2)  attack  parent  nateidal  if  energetic  eiwu^,  or  (3)  ooodei^e 
each  other^  producing  products  oonparable  to  the  permit  in  Mleeular 
vei^t. 

3*  CoBpounds  not  possessing  tiie  ability  te  aesme  certain  s^tial  ccMnfig» 
tueitionsi  ^naot  utilise  otherwise  available  resonance  emsrff  dissipa¬ 
tion  processes.  Such  i^ocesses  woid.d  persilt  alworbed  energy  to  be  re¬ 
duced  to  levels  below  toat  required  to  rupture  toe  nolecular  structure* 

4*  Ihe  iu>esence  of  ditferont  ftncti.raal  p>ou^  m  arcasaldc  ring  systems 
markedly  influences  the  uKie  of  radiolytie  eclssloo.  fhese  differences 
are  reflected  in  eitoer  gas  yields  polymer  yield,  or  both. 

5*  Ihere  is  no  linear  relationship  between  the  amount  of  metoylme  insula¬ 
tion  between  two  aromatic  systMW  and  differences  In  radiolytie  stability, 

6*  Ifasymmetrieal  ph®nyl  Iwding  of  a  short  all^l  otoln  does  not  titter  toe 
degree  of  radiolytie  8tablli%, 

7*  ti.1^1  ttosatwatim  introiuc^  between  two  aromatic  systems  facilitates 
l^rogen  transfer  to  tto  tar^t  but  does  not  reduce  the  total  radiolytie 
instability  of  toe  syst«tt, 

8,  Ibere  is  no  essential  difference  in  toe  yield  or  toe  mture  of  radio^tio 
products  toen  alkyl  awMoatie  l^drecarbons  and  aliphatic  esters  ara  ir¬ 
radiated  with  gasnoa  rays,  electrons,  or  neutoons, 

9.  An  os^gen-rieh  atmostoere  did  not  effectively  scavenge  en«>gy,  and  tons 
Inhibit  radiol^la  danage  during  ^ectron  boitordmwt  of  eitoer  alkyl 
aromatic  l^^o<»irbon8  or  aliphatic  esters. 

10.  Branching  of  aliphatle  toains  itouces  radiolytie  Instability  in  eitoer 
esters  or  l^rocarbona. 


WADC  m  59-79  May  1959 

ASTIA  Doctaent  Ho.  AD  214763 
OfS  Release 

SUBJECT  I  INTESTIGATIOH  OP  A  NW  DIE-OLASS  GAMMA  RADIATION  DOSIMETER 


n 
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IKVESTIGATOR*  DeuTer  Hale 

AE6TRACT:  This  report  was  investigation  of  the  effects  of  gama 

radiation  on  a  unique  organic  dye  -  porous  glass  system.  Effect  of  gannsa  ray 
dosage  on  the  opti(Mil  absorbancy  of  Methylene  Bluei  Fluorescein,  IttiodaiBine 
Fast  Reds  S,  and  Brilliant  Green  dyes  absorbed  in  Coming  "thirsty  glass"  are 
presented.  Data  appear  to  be  analytical  and  to  follow  Beer's  law,  hereby 
allowing  one  to  relate  optical  absorbancy  with  radiation  dosage. 

Ihesa  experiments  were  of  an  exploratory  nature,  and  althou^ 
not  complete,  do  indicate  that  this  absorption  of  dyes  in  a  porous  g^ass  matrix 
merits  additional  study  for  possible  use  as  dosimeters  In  the  range  of  109  or 
higher  erg  gmJ-  <»rbon  gamma  dosage® 


WADC  TR  59-119  April  1959 

ASTI A  Document  No.  AD  211913 
OTS  Release 


SUBJECT*  REMOVAL  DOSE  AS  AN  ENVIRONMENTAL  MEASUR®CENT  OF 

E^JIAI  AND  GAMMA  RAIS 
INVESTIGATOR*  R.  L.  Hickmott 

ABSTRACT*  The  Removal  Dose  of  any  material  Is  the  net  energy  per  unit 

mass  that  a  limitingly  small  mass  of  the  material  transfers  from  the  incident 
photon  flux  to  the  kinetic  energy  of  the  aMociated  flux  of  charged  particles. 
Removal  Dose  is  compared  to  both  Absorbed  Dose  and  Exposure  Dose  (roentgen)  in 
terms  of  cross  seotions  and  spectra.  Its  relation  to  radiation  effects  is 
pared  to  the  similar  relation  of  Absorbed  Dose. 


METALLURGICAL  PHENOMENA  AND  MECHANIShB 


WADC  TN  58-369  May  1959 

ASTI A  Document  No.  212151 
OTS  Release 


SUBJECT*  OBSERVATIONS  ON  THE  EFFECT  OF  SURFACE  AND  STRUCTURE 

ON  THE  TENSILE  STRMGTH  OF  IRON  WHISKERS 
INVESTIGATOR:  Helmut  Weik 

ABSTRACT:  Investigations  were  made  of  iron  whiskers  grown  by 

reduction  of  iron  chloride.  Characteristic  »ftiisker  shapes  were  found  to  be 
dependent  on  the  growth  conditions.  Observations  of  the  surface  of  the 
\Atiskers  after  the  test  revealed  normal  slipping  on  slip  planes  conneoted 
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with  low  tonsil#  strength  in  tiie  caa#  %Aer8  14ie  i&lskers  were  growi  fron 
wet  sdiloride*  In  case  where  they  were  grown  hy  reduction  of  dried 
chloride  in  hydrogen  and  argon,  howerer,  Bnuch  higher  iralues  for  tiie  tensile 
strength  were  obtained,  Ihe  strength  increases  with  decrMslng  idiisker 
diameter,  Chi  Ihie  surface  of  some  iditskera  ft'om  this  series  shearing  of 
surface  layers  could  be  obserred  giving  the  impression  ttat  the  tdiisiMr  sur¬ 
face  has  a  layer  or  shell  structure,  %  means  of  ndcraitructure  inreati^- 
tlons  the  layers  cbserred  in  the  surface  were  also  discovered  in  ihe  lAleker 
core.  The  distance  between  the  layei^  ws  found  to  be  constant  awi  abwit 
1200  to  1500  atoM  ttiick.  It  my  be  concluded  that  the  layers  are  a  struct¬ 
ural  element  of  the  \Alskers  grown  ui^er  the  cwiditlons  above  lisntioned. 

Nickel  costing  of  tile  ihiskers  increased  tiie  tensile 
strength.  In  the  case  of  a  100  atrana  thick  nickel  coating  the  amount  of  in¬ 
crease  was  about  l(X)f  compered  to  the  strength  value  of  the  unc^ted  ihisker, 
Kiat  means  that  surface  effects  are  Important  in  considering  the  reasons  for 
the  extremely  hl^  tensile  strength  of  very  thin  whiskers. 


WADC  TR  58-507  March  1959 

ASTIA  Document  Ho.  AD  211850 
OTS  Release 


SUBJECT!  THE  IMTCT  OF  STRESS  ON  THE  CRISP  OTAVIOR  OP 

HIGH  PDBITI  AIiOMINUM  IN  THE  REGION  OP  DISLOCATION 
CLIMB 


INVESTIGATOR!  A.  Bayce 

W,  Lodemann 
L,  A,  Shepard 
J,  E.  Dom 


CONTRACT!  AF  33(616) -3860 

CONTRACTOR!  Ifelversity  of  California 

ABSTRitf^T!  The  effect  of  stress  on  the  cz^ep  rate  in  the  dislocation 

climb  region  was  investigated  hy  increasing  and  decreasing  the  stress  abrupt¬ 
ly  during  tile  course  of  prime creep  of  hi^  poFltj  aluminimi.  These  investi¬ 
gations  revealed  that  a  sizzle  funotioi^  relationship  between  ci^ep  rate  and 
stress  does  not  existi  the  effect  of  stress  m  the  creep  rate  depended  m  tiie 
eubetrwitare  as  well  as  the  stress.  In  general  Ihe  creep  of  aluminum  UMier 
ccmditions  of  changes  in  stress  can  be  resolved  qualitatively  in  terms  of  dis¬ 
location  (dimb  models  for  creep® 


WADC  TR  58-547  December  1958 

ASTIA  Document  No,  AD  206667 
OTS  Release 
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SUBJECT: 


DAMPING  ENERGY  DISSIPATED  Bi  INTERFACES  IN  BMM 
AND  PUTE  SUPPORTS  AND  IN  SANDWICH  CORES 
INVESTIGATOR:  Theodore  Jo  Merstel 

CONTR  A  CT:  AF  33(6l6)-54a6 

CONTRACTOR:  University  of  Minnesota 

ABSTRACT:  The  naxistusi  energy  dissipation  \Aiich  can  result  fron 

both  viscous  and  dry  friction  damping  between  the  longitudinal  interfaces 
at  the  supports  of  built-in  beams  and  plates  is  compared  with  the  total 
material  damping.  This  comparison  shows  that  this  type  of  support  damping 
is  relatively  unimportant  in  the  vibi^tion  attenuation  pi^blem  for  beams, 
but  may  be  extremely  important  in  the  ease  of  thin  i^ates.  An  alternative 
method  for  the  damping  of  beams,  that  of  using  sandwich  construction  with 
an  energy  dissipating  central  core,  is  found  to  provide  an  effective  damp¬ 
ing  mechanism  in  the  cases  idaere  support  damping  becomes  ineffective. 


WADC  TR  58-569  May  1959 

ASTIA  Document  No.  AD  214382 
OTS  Release 

SUBJECT:  RESPONSE  OF  BARS (WITH  INTERNAL  AND  BOUNDARY  DAMPING) 

TO  TRANSIENT  AND  RANDOM  EXCITATION 
INVESTIGATOR:  Robert  F.  Lambert 

CONTRACT:  AF  33(616) -5426 

CONTRACTOR:  University  of  Minnesota 

ABSTRACT:  Theoretical  analysis  of  the  effects  of  Internal  and 

boundary  damping  on  the  forced  vibrations  of  a  imiform  bar  is  carried  out 
using  perturbation  techniques.  A  first  order  correction  to  the  poles  of 
the  response  function  is  obtained  and  the  dependence  ap>on  frequency  noted. 

It  turns  out  that  the  real  part  (damping  factor)  will  in  general  vary  with 
frequency  and  hence  mode  numbere  In  the  case  of  internal  damping  it  varies 
as  approximately  idiere  n  is  the  mode  number.  In  the  <»se  of  a  low  bound¬ 
ary  damping  parameter,  the  damping  constant  varies  as  n^  \d:ile  for  high 
boundary  damping  it  has  rou^y  an  n4  dependence.  Those  results  virtually 
insure  that  the  response  funotions  (displacement,  moment,  strain)  for  ran¬ 
dom  excitation  obtained  using  a  generalized  Fourier  analysis  vdll  converge 
for  Brownian  motion  type  excitation.  Relationship^  showing  the  mode  shape 
oorreotions  for  finite  boundary  impendances  are  obtained  from  the  pertrarbs- 
tlon  theory.  Sevexetl  experimental  studies  are  suggested  vdiich  would  con¬ 
tribute  to  our  understanding  of  these  damping  mechanisms  and  their  relative 
importance  in  studies  involving  random  excitation  of  bars  and  plates. 
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WADC  TR  56-330  Pt  VIII 
ASTIA  Doctanent  No«  202495 
fftS  Rel^se 


(tet©b#r  1958 


STOJlCli  THl  EFFECTS  OF  IHMASTIC  ACTION  ON  THE  RESISTANCE 

TO  VARIOUS  TIPES  OP  lOAIffi  OF  DUCTILE  MEMBUffi  MADE 
FROM  VARIOUS  CLASSES  OP  METALS 
ftirt  VIII  -  Bec©ntarleally-Le»ded  Tension  Meobers 
Made  of  Two  Stainless  Steels  Tested  at  Heated 
Tempera  twes 

INVESTIGATORS  0.  M,  Sldebottom 

M,  B.  Clark 
S*  Ibwsarajan 
CONTRACTS  AF  33(6l6)-^753 

CONTRACTORS  IMversity  of  Illinois 

Attract  s  ^iis  report  presents  the  rosifl.ts  of  an  amlyti«il  aM 

tticperimeotal  inTestigatimi  for  ttie  determinatton  of  the  1<^  necessaiy  to 
produce  a  specified  amoont  of  indLastic  deformation  in  rectai^idar-aeotlon 
mM^ets  snbjected  to  eccentric  tensile  loads  at  debated  temperatures  o 
Two  differMit  theories  were  used*  In  one  tiseory  each  isochuronous  stress- 
steain  diagram  ms  represwited  by  two  strai^t  lines,  suui  the  load  and  de¬ 
flection  of  the  eccentrically  loaded  irambers  were  obtained  from  interaction 
cunres  and  moment-l^d  curves*  In  the  other  'Useory  ea^  isochronous  stress- 
strain  diagram  was  rapresen'tod  by  a  hyperbolic  sine  curve,  and  the  resultent 
theory  is  called  the  lyperbolic  sine  theory* 

In  the  mi^rimental  investigation,  tests  were  meule  on 
eecentrioally-loaded  rectangular-section  i^hers  made  of  type  304  stain¬ 
less  steel  at  a  test  taaperature  of  10CW®F  ami  17-7  HI  st8iid.ess  steel  at 
test  tempera-tores  of  1000®F  and  1200®P,  S^ote  of  the  17-7PH  stainless 
steel  speciiMns  were  giv«c  a  precipltaticm  hardening  treatment  ar^  sme 
were  tested  in  the  untrea tod  condition* 

The  type  304  stainless  steel  did  not  orMp  at  1CXX)®F* 
nie  interacticm  eurve-^BamMit-l«»d  curve  toe^y  was  found  to  give  sa^s- 
factory  results*  The  heat  treated  17-7PH  stainless  stoel  was  fotwi  to 
have  hl^er  strength  than  the  untreatol,  and  it  was  found  to  «diibit  a 
small  amount  of  inelastic  deforuation  for  zsro  time  but  a  larger  anount  of 
creep  in  30  min*  ihen  tested  at  1000®P*  TOie  imtreatod  17-71®  ms  fotuad  to 
creep  a  small  amount  at  1000®F  and  a  much  greater  auwsunt  at  ljM)0®F,  In 
each  oaae  the  isodmsnow  stress-strain  diagram  could  be  represented  ly  & 
lyperbolic  sine  curve*  It  ^s  found  that  -toe  IcH^d  awi/or  defleetioo  for 
the  eccentrically  l^ded  MBhera  could  be  adequately  represented  1y  eitoer 
the  hyperbolic  sine  theory  or  toe  interaction  curve— moJMsnt-l<»d  toeo^» 

The  former  gave  toe  best  results* 
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WADC  TR  56-330  Pt  IX  October  1956 

ASTI A  Ooeumect  No,  AD  202496 
OTS  Release 

SUBJECT!  THE  EFFECTS  OF  INELASTIC  ACTION  ON  THE  RESISTANCE  TO 

VARIOUS  TYPES  OF  LOADS  OF  DUCTILE  MEMBERS  MADE  FROM 
VARIOUS  CLASSES  OF  METAIS 

Part  IX  -  T-Seetlon  Eooentricallj-Loaded  Tension  Members 
Made  of  Type  304  Stainless  Steel  and  Tested  at  1000‘’F* 
INVESTIGATOR:  0,  M.  Sidebottom 

S,  DbamaraJan 
CONTRACT:  AF  33(6l6)-2753 

CONTRACTOR:  Ifaiversity  of  Illinois 

ABSTRACT:  This  report  presents  the  results  of  an  analytical  and  ex- 

perimtfital  investigation  for  the  determination  of  the  load  necessary  to  produce 
a  specified  amount  of  inelastic  deformation  in  T-sectlon  members  subjected  to 
eccentric  tensile  loads  at  1000*F,  The  interaction  ourve-moment-load  curve 
theory  was  used  in  predicting  the  load  and  deformation  of  the  eccentrically- 
loaded  members. 

The  material  used  in  making  the  test  members  vas  type  304 
stainless  steel.  Creep  tension  tests  indicated  that  this  material  vas  extreme¬ 
ly  time-insensitive^  at  leasts  for  the  first  30  minutes.  The  stress-strain 
diagram  of  the  material  at  1000**  F  vas  similar  in  shape  to  that  at  room  temper¬ 
ature. 

The  comparison  between  the  theozy  and  experiment  for  the  T- 
section  eccentrically-loaded  members  vas  excellent  for  those  members  with  suf¬ 
ficiently  small  initial  eccentricity  that  yielding  did  not  occur  in  the  most 
stressed  compression  fibers.  For  tiiose  members  vith  larger  eccentricity,  the 
experimental  m(»ent.load  curves  fell  appreciably  below  the  theoretical  cvtrve 
over  the  range  of  the  curve  for  which  yielding  had  occurred  on  the  ccmpresslon 
side  of  the  member.  It  is  believed  that  this  discrepancy  results  from  the 
fact  that  the  yield  stress  in  compression  vas  less  t^n  in  tension. 


WADC  TR  57-58  Pt  II  January  1959 

ASTIA  Document  No,  AD  207850 
OTS  Release 

SUBJECT:  NOTCH  SENSITIVITY  OF  AIRCRAFT  STRUCTURAL  AND  ENGINE 

ALLOYS 

Part  II  -  Further  Studios  with  A-286  Alloy 
INVESTIGATOR:  Howard  R,  Voorhees 

James  V,  freeman 
CONTRACT:  AF  33 (616) -3380 

CONTRACTOR:  University  of  Michigan 
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ABSTR^ts  Sufftcient  data  ok  a  sin^a  lot  of  A«^6  all 07  ware 

obtained  at  1200®F  to  permit  future  evaluation  of  an  ansQjsis  for  notched- 
bar  rupture  life  in  terae  of  normal  creep-rupture  properties. 

Circumferential  notches  with  theoreticail  s  lares  s  con- 
centraticm  factors  (Kt)  of  3,0  or  less  Increased  rupture  time  of  materials 
with  a  2200®F  solution  temperature,  despite  smooUi-bar  elongations  as  low 
as  0,5$  or  below. 


Notch  behavior  varied  widely  with  notch  geometry  in  tests 
on  specimens  with  1800°F  solution  tanperature.  Transition  to  notch  sensi¬ 
tivity  at  lemger  time  periods  was,  howemsr,  positively  demonstrated  for 
several  notch  geometries. 

The  creep  rate  of  a  smooth  bar  at  apy  time  in  a  variable- 
stress  test  appeared  to  be  a  unique  function  of  the  existing  stress  level 
and  the  cumulative  portion  of  rupture  life  already  expended.  No  exact  cri¬ 
terion  wi»  found  for  rupture  of  A-286  alloy  after  creep  under  variable  simple 
tensioni  for  engineering  purposes  the  portion  of  rupture  life  consumed  in  a 
time  interwl  (St)  during  creep  deformation  (4C)  occurred  oould  be 

evaliiated  - 

( (At)  0S)  ,  \Htoera  R  and  D  are  the  rupture  t.la»  and  creep 
N  W  (D) 

deformation  at  rupture  in  a  normal  teat  at  the  existing  stress. 

Firm  criteria  for  creep  rupture  tinder  a  general  state  of 
variable  oomplex  stress  are  still  lacking  for  the  desired  evaluation  and  ex¬ 
tension  of  the  proposed  calculation  methods. 


¥ADC  TR  58-168  October  1958 

ASTU  Document  No.  m  202497 
OTS  Release 

SUBJECT t  STRESS  RELAXATION  IN  STRUCTURAL  MATEKIALS 

INVESTIGATOR:  Alfred  M,  Preudenthal 

CONTRACT:  AF  ^3(6l6)-2729 

ABSTRACT:  The  pbMiomenon  of  atross-rolaxation  is  discussed  in  re¬ 

lation  to  its  ph^ical  origin,  its  matt»«»tioal  representaticm,  its  experi¬ 
mental  determination  and  its  dasi^  signifioanoe,  with  partiodlar  empbaais 
on  the  interrelation  betweoi  creep  and  relaxation  In  metals  and  In  polymers. 

While  the  relaxation  behavior  of  neterials  Is  of  primary 
importance  in  design,  particularly  with  rvagard  to  flight  structures  operating 
under  coirfltions  of  varying  temperatures,  it  appears  that  neither  the  present 
methods  of  direct  "relaxation  testing"  nor  the  conversion  of  creep-data  into 
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relaxation-data  provide  useful  and  reliable  infomation  oonceming  the  re¬ 
laxation  b^avior  of  the  material. 


WADC  TR  58-615  Pt  I  March  1959 

ASTIA  Document  No.  AD  210719 
OTS  Release 


SUBJECT:  A  COMPENDIUM  OF  CONSTITUTIONAL  TERNARI  DIAGRAMS 

OF  THE  METALLIC  SYSTEMS 


INVESTIGATOR:  Dr.  W«  Guertler,  Berlin,  Germany 

CONTRACT:  AF  6l(052)-74 

ABSTRACT:  The  purpose  of  this  project  is  to  collect  and  present 

a  complete  eolleotion  of  ternary  phase  diagrams  of  the  various  metallic 
systems. 


The  ternary  diagrams  presented  are  built  from  available 
binary  diagrams.  In  each  instance  the  most  reliable  binary  diagram  has 
been  selected. 

The  basis  for  the  designation  of  the  pages  is  the  order 
of  atonic  numbers.  It  is  thus  possible  to  attribute  to  each  ternary  alloy 
three  numbers  belov  100  corresponding  to  the  three  combining  eleoents  and 
to  assemble  them  in  order  of  magnitude  from  the  smallest  to  the  highest 
figure.  Consequently  each  systwn  can  be  located  easily. 


METAIBr  HIGH  TEMPERATURE 


WADC  TR  54-270  Pt  3  Jfay  1958 

ASTIA  Document  No.  AD  151194 
OTS  Release 

SUBJECT:  INVESTIGATION  OF  THE  COMPRESSIVE,  BEARING  AND  SHEAR 

CREEP-RUPTURE  PROPERTIES  OF  AIRCRAFT  STRUCTURAL 
METAIS  AND  JOINTS  AT  ELEVATED  TEMPERATURES 
INVESTIGATOR:  Luke  A.  Yerkovich 

CONTRACT:  AF  33(616) -190 

CONTRACTOR:  Cornell  Aeronautical  Laboratory,  Inc. 

ABSTRACT:  The  establishment  of  hl^-temperature  creep  and  rupture 

properties  of  materials  is  a  prerequisite  for  effioient  design  if  ocposure 
to  elevated  temperature  in  service  is  expected.  These  properties,  v^ch 
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are  gotierall^r  deterelnad  fro»  ccmvantionftl  creep  teat,  are  not  nec¬ 
essarily  applicable  if  stress  conditions  ottier  than  tension  are  «3oennter- 
ed,  IMs  project  was  initiated  to  supplwasnt  the  usual  tensile  creep  wmi 
rupture  data.  The  hi^-teni^rature  creep  strengths  of  a  number  of  structu¬ 
ral  aircraft  alloys  were  detetained  \Aim  under  the  Influence  of  expression, 
bearing,  ani  shear  stresses,  Si^cifioally,  data  of  these  types  are  required 
to  forsulate  hi^  tenperature  Joint  design  ori-terla, 

fhls  report  summarizes  three  years  study  on  the  creep 
behavior  of  fifteen  sheet,  plate,  and  bar  alloys  <nraep  tested  in  txaion, 
expression,  bearing,  xd  shear*  In  addition,  xrrelations  of  tensile 
creep  and  rupture  properties  with  expression,  bearing  and  shear  xeep- 
rupture  p>opertle8  have  been  made  xd  are  presented  in  tabular  form* 


WADC  TR  54-^0  Pt  IV 
mSlA  Doeifflent  Ho,  AD  155570 
OfS  Release 


Ifay  1958 


INVESTIGATOR! 

CONTRJCT! 

CONTRACTOR! 

ABSTRACT! 


SUBJECT!  IHVESTiaTION  OP  THE  COMPRESSIVE,  BEARING  AND 

SHEAR  CRIEP-RDPTDRE  PROPEHTI®  OP  AIRCRAST 
STRUCTURAL  MBTAIS  AND  JOINTS  AT  ILEVATED  TEMPERATURES 
Luke  A,  lerkovidh 
AP  33(6l6)-3456 

Cornell  Aeronautixl  labxatory,  Inc, 

The  establishmxt  of  the  hi^-txperature  me<^nixl 
properties  of  aircraft  oonstrfictioxl  xterials  is  a  prxequisite  to 
efficient  design  idien  elevated  txperature  service  is  expected.  These 
properties,  which  nonsally  are  determined  frx  the  conventional  short-time 
txsile  test  and  tdie  tensile-^creep  test,  are  not  necessarily  applixble  if 
stress  cxditixs  other  Idian  tension  are  encountered.  The  present  progrx  » 
was  initiated  to  examine  the  hi^-txperature  strength  charaoteristice  of 
a  nuBiber  of  aircraft  structural  allc^  idxx  subject^  to  a  variety  of  stress¬ 
es  under  both  short  xd  long  time  Ixdlng  vitii  the  epaolflo  purpose  of  ap¬ 
plying  these  hi^-txperature  charaoteristix  to  riveted  Joint  configurations. 


nils  report  sunmeirizea  in  tabular  form  tha  hi^-txpera- 
ture  short-time  strength  properties  of  a  number  of  test  all<^  in  tension, 
expression,  bearing,  and  shear.  Data  represxtlng  the  bearing  xeep  be¬ 
havior  of  2024-73  aluminum  all<^  sheet  for  a  number  of  variables  assoolat- 
ed  with  bexing  are  also  included.  The  creep  betovior  of  several  sheet¬ 
ed  Joint  designs  undergoing  bxrlng  xd  shear  creep  are  illustrated  x 
time-defermatix  charts,  a&  comparisons  between  the  predicted  and  experi¬ 
mental  performances  xe  i^do. 
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WADC  TR  54--270  Pfc  ¥  Dseesber  195S 

ASTI A  DoQWffient  No®  AD  206661 

OTS  Release 

SUBJECT:  IWESTIGAflOH  OF  THE  COMPRESSIVE,  AND  SHEAR 

CREEP-RUPTURE  PHOPEm'IIS  OF  AIRCRAFT  STRUCTURAL  ^^BTAL 

AND  JOINTS  AT  ELEVATED  TEMPERATURES 
INVESTIGATOR:  Luke  A.  Yerko'rich 

CONTRACT:  AF  33(6l6)»3456 

CONTRACTOR:  Cornell  Aeronautical  Laboratory ^  Inc® 

ABSTRACTS  The  establisbiaeat  of  th©  high=.t®5Bparatur©  mechanical 

properties  of  arieraft  structural  materials  is  a  prerequisite  to  effi¬ 
cient  design  when  elevated  temperature  service  is  ^paoted®  Normally 
these  proi^rties  are  detemined  fi*om  the  conventional  short-time  tensile 
and  creep-ruptur®  teats  and  aa  such  are  not  necessarily  applicable  for 
stress  conditions  other  than  tension.  The  present  program  was  conduct¬ 
ed  to  examine  the  high  temperature  strength  and  deformation  characteris¬ 
tics  of  two  hi gti -strength  airframe  alloys  when  subjected  to  a  variety  of 
stresses  under  both  short  and  long  time  loading.  Specifically  the  object 
of  the  program  was  to  determine  the  hl^-temperature  tension,  compression, 
bearing  and  shear  properties  of  selected  airframe  alloys  with  the  ulti¬ 
mate  purpose  of  correlating  tension  behavior  with  behavior  under  the 
various  other  types  of  loads  and  applying  these  basic  data  to  predict  th© 
behavior  of  riveted  joints  undergoing  creep  deformation  in  tension,  bear¬ 
ing,  and  shear. 

%i8  report  summariges  in  tabular  aM  chart  form  the 
high  teaaperatuiE^  properties  of  PH15«=7  Mo  stainless  steel  and  6A1-4V 
titanium  alloy  in  tension,  compression,  bearing,  and  shear.  In  addition 
correlations  of  the  tensile  creep-rupture  properties  with  corresponding 
compression,  baring,  and  shear  creep-rupture  properties  are  presented. 

The  creep-rupture  characteristics  of  doubler  type 
riveted  joints,  which  represent  single  units  of  a  multiple  rivet^  as¬ 
sembly,  preiared  from  the  test  alloys  are  presented  herein.  Correlations 
between  measured  joint  creep-rupture  and  predicted  joint  creep-rupture  are 
also  included. 


WADC  TR  57-242  Pt  II  October  1958 

ASTIA  Document  No.  m  203523 
OTS  Release 

SUBJECT:  INVESTIGATION  OF  F@<4fa-Gr-N4;  SYSTEM  FOR  HEAT 

RESISTANCE  AND  OXIDATION  RESISTANCE  BETWEEN 
1200F  AND  2000F 
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INVESTIGATORS  J*  P*  Tarwater 

E«  «r  •  Dulls 

CONTRACTS  AP  33(6l6)-33l8 

CONTRACTORS  Crroible  Steel  C<Mipany  of  America 

ABSTRACTS  Austenitic  Cr-lfa-C-N  steels  containing  ■rorious  combina¬ 

tions  of  V,  Hb,  W,  ai^/or  Mo  after  Imt-treating,  room-  awl  elewated- 
temperature  tensile  properties  usd  creep-rupture  strei^ths  tbat  c<mpared 
favorably  vitb  those  of  such  supeniLloys  as  A286  and  Inoo  901* 

i^per  selection  of  compositiui  and  heat-treatment  mi- 
abled  develops^nt  of  adeqt^te  dwstility  In  tensicm  and  creep  rupture  al- 
tfaou^  a  ssarked  decrease  in  impact  ps^perti.es  codld  not  be  avoidwi* 

Calcium  addltloi^  improved  the  u'eep  rupture  strengtii 
of  Cr>lfo-C"N  steels  tl^t  did  not  contain  i^itions  of  strengthening  eleoents 
(V,  Nbf  MOf  ai^  ¥)•  A  silicon  addition  of  about  2$  to  hi^-<du^id.um  Cr- 
Ife-C-®  steds  increased  the  oxi<totion  r^istanoe  at  2ro0  and  2200®F  so  ttiat 
those  steels  compared  favombly  with  'fype  310  stainless  steel# 

Both  strengthened  and  unstou^thened  austenlUc  Cr>^- 
C-A  steels  could  be  hot-rolled  to  aheete  without  the  foxwtion  of  edge 
cracks  or  surface  defects ,  but  lulling  jo'sesures  higher  than  those  for 
^pe  310  stainless  steel  were  requii^o 


¥ADC  TR  57-298  Pt  4  iprU  195® 

ASTIA  Dooument  Ho#  m  151102 

SUBJECT  I  IRON-AWMIHUM  AUDI  SKTS6 

PART  4  -  Ae  ^tivities  of  Aluminum  awl  Iron  in  Is^n- 
Alumlnum  Melt^  at  1^X>*^ 

INVESTIGATORS  R#  D.  P^slke 

CCfflTRACTi  AP  33(600)-32448 

CONTRACTOR}  Ford  Motor  (kmpas^ 

ATTRACTS  activities  of  the  eon^nuits  in  molten  Iron^aluidnum 

alloys  at  IbOO^C#  have  beus  calotiLated  by  utilising  the  ihase  ttagrsm# 
Consideration  was  made  of  the  equUilnda  alusg  tile  liquldus  boundary  of  tiie 
intemutallic  compound  Fe^lc  uid  known  distoibuticni  date  for  aluminun  in 
iron  to  determine  the  aetlvi%  of  a^umlmas  in  ircn-alumlnum  malts  at  1600*^0  • 
The  activity  of  ixun  was  ttien  found  ly  graphically  integrating  tlw  Gibbs- 
Onhem  relationship# 


WADC  TR  57.4^  Pt  5  April  19^ 

ASTIA  Document  Mo#  AD  151103 

SUBJECT}  IROH-AIUMINUM  AUDI  SIS'MMS 

PART  5  -  Scwe  Investigatiuis  in  Mr-Helting  and 
plication  of  Irari<^umtouD  Alloys 
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INVESTIGATORS  William  J.  Zag©r 

CONTRACTS  AF  33(6C8))==32448 

CONTRACTORS  Fe^d  Motor  Gonpassj 

ABSTRACTS  During  the  period  April  1957  to  Septeinber  1957,  the 

Prooese  DeTelopsoent  Department  of  the  Manufactoricg  Ehglneesidng  Office  of 
Ford  Motor  Geaapaz^  air>aelted  a  series  of  hi^ts  of  iron~alumlnum  alloys 
in  the  6  to  10$  aluninum  range*  The  melting  and  deoxidation  of  these  heats^ 
performed  in  induction  furnaces  are  described*  Mechanical  properties  ob¬ 
tained  on  bar  stock  rolled  from  Ingots  cast  from  sereral  of  these  heats,  as 
well  as  properties  of  the  as-oast  alloys  are  listed* 

Further  attempts  to  produce  sound  castings  in  sand  molds 

are  described* 

Performance  of  iron-aluminum  alloy  fabricated  articles 
in  service  is  described* 


WADC  TR  57-298  Pt  6  April  1958 

ASTI A  Document  No*  AD  151104 

SUBJECT*  IROK-AnMIDM  ALLOT  SIST^dS 

PART  6  -  Welding  of  Iron-^uminm  Alloys 
INVESTIGATOR*  R*  Burthwiok 

S*  Goodman 

CONTRACT*  AF  33(600)-32U8 

CONTRACTOR*  Ford  Motor  Company 

ABSTRACT*  Supplementing  a  prevlot^  report,  WADC  Technical  Report 

57-2^  Part  3  (AD-130825),  additional  mechanic^  test  data  uas  established 
for  the  effect  of  fusion  welding  on  three  different  analyses  of  iron- 
altmdnum  alloy*  The  consumable  electrode  gas  shielded  arc  process  was 
briefly  investigated*  Additional  fabrications  were  selected  for  evalua¬ 
tion  of  iron-aluminw  material  and  work  initiated* 


WADC  TR  57-298  Pt  7  April  1958 

ASTIA  Document  No*  AD  151105 

SUBJECT*  IRON  -ALUMIMUM  AIXOI  SYSTEMS 

PART  7  »  Stoay  of  Magnetlo  Properties 
INVESTIGATOR*  H*  ^to 

A.  Arrott 

CONTRACT  AF  33(600)-3244B 

CONTRACTOR*  Ford  totor  Company 

ABSTRACT*  From  a  st*^  of  ma^etic  isotiieri^  over  the  range  of 

compositions  trm  pure  Fe  to  40  atcmdo  percent  A1  in  Fe  and  over  temperatures 
from  4®K  to  300®K  we  have  produced  strong  evidence  for  the  existence  of  super- 
exchange  interactions  between  iron  atoms  separated  by  aluminm  atoms*  The 
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iron  ri<^  allo^  show  fw^cnsapia'M.aift  in  the  wsml  way,  bat  for  ecmcentra- 
ticffls  aj^^saching  40  atcaaio  perewat  41  tiie  ^oys  betare  as  anti- 

ferrosapieties  with  Heel  points  near  liquid  hydrogen  temperature*  Tl^re 
is  a  ttansition  range  of  oompositton  in  \diich  "Uie  stable  state  Just  below 
the  Cwie  temperatwe  is  feraos^gnetie  but  at  low  temperatures  is  anti- 
f ezTomagnetio  « 


Ihe  lar^  <d»nges  to  magnetic  properties  occur  for  toe 
orderad  structures  and  to  cOTipositicm  ranges  idiere  toe  nuniber  of  nerest 
nei^bor  iron-iron  interaotioe  is  <d»i^iag  rapidly  wito  ccmpositlon,  but 
v&ere  the  numlwr  of  next  nearest  neither  iron-iron  interactions  reiMiin 
practioally  constont*  toese  consideratioM  led  to  a  itodel  toere  on^ 
nearest  neighbor  direct  peitiwe  etoange  interactions  between  iron  at(a« 
and  iMirect  ne^tlve  orahange  interactions  between  iran  atoms  separated 
by  an  almdnun  atmn  are  taken  into  account*  toe  treatment  ly  a  Bragg— 
Willianai  lype  ealculatioj  leads  to  a  qualitative  uiwierotttding  of  the  ob¬ 
served  magnetic  effects  in  the  aluminum  system  including  the  differences 
between  the  disordered  state  and  the  two  types  of  ordered  states*  toe 
model  also  leads  to  a  reinterpretation  of  neutrsai  diffraction  data* 


WADC  TR  57-296  Pb  8  1958 

ASTIA  Docianent  Ho*  AD  155659 


SUBJECT!  IBOH-ALUMIHOM  AILOT  SISTKIB 

PAM  8  —  Ifetoanical  ^op^ttes  of  Fe-Al-Si 
Alleys  at  Room  and  Elevated  Temperaturas 


IH7KTIGAT0RS  D,  J,  Schmata 

V  *  P*  ^ackay 


COKTRACTs  AF  33(600) -32448 

COHTRACTOR!  Ford  Motor  Compai^ 

ABSTRACT?  to  investigation  of  toe  metoanlcal  properties  of  ir«i- 

ridhy  irco-altuBinum-sillcon  alloys  was  conducted*  Silicon  was  ?ued  as  the 
Independ^t  variable  at  three  aluminum  levels |  5>  7  and  9  wei^t  percent* 
Silie<m  increased  the  strength  at  both  rom  and  elevated  temj^ratwes* 
Ductility  was  markedly  decreased  by  silicon  and  interstitial  elemwts^ 
such  as  carbon*  Silicon  appesu*ad  to  be  more  than  additive  to  alusdnum 
to  lm|«*eving  the  oxidation  resistance,  Roaa  temperatare  electrical  re¬ 
sistivity  measurements  on  quenched  and  slow  cooled  alloys  indicated  sili¬ 
con  was  additive  to  aloBinum  in  initiating  order,  Sllic<ai  also  raised  the 
ordering  tmnperature  rapidly*  A  correlation  between  ordering  tomperatura, 
as  determined  ty  electrical  resistivity  awi  creep  rate  was  noted* 


WADC  TR  57-298  Pt  9  J*®®  1958 

ASTIA  Itecumwit  Ho,  AD  15566D 
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SUBJECT: 


IRON-ALUMINUM  ALLOY  SYSTEMS 
■  PART  9  -  SOME  INVESTIGATIONS  IN  AIR-MELTING  AND 
APPLICATION  OF  IRON-ALUMINUM  ALLOY 
INVESTIGATOR:  William  J.  Zager 

CONTAICT:  AF  33(600) -32448 

CONTRACTOR;  Ford  Motor  Company 

ABSTRACT:  During  the  period  October  1,  1957  through  Iferch  31,  1958, 

the  Process  Development  Department  of  the  I^nufac tuning  Engineering  Office 
of  Ford  Motor  Company  air -melted  several  heats  of  iron-aluminum  alloys  in 
the  6  to  10^  aluminum  range.  The  melting  and  deoxidation  of  these  heats,  per¬ 
formed  in  induction  furnaces  are  described.  Mechanical  properties  obtained 
on  cast  tensile  bars  are  listed. 

Effect  of  cold  deformation  (compression)  tests  on  one  of 
the  wrought  alloys  is  described. 

Performance  of  iron-aluminum  alloy  fabricated  articles  in 
service  is  described, 

WADC  TR  57-298  Pt  10  June  1958 

ASTIA  Document  No.  AD  155661 

SUBJECT;  IRON-ALUMINTO!  ALLOY  SYSTEMS 

PART  10-WELDING  OF  IRON-ALUMINUM  ALLOYS 
INVESTIGATOR;  R.  Brooks 

A.  Volio 

CONTRACT;  AF  33(600) -32448 

CONTRACTOR;  Ford  Motor  Company 

ABSTRACT;  The  work  conducted  during  this  reporting  period  is  a  con¬ 

tinuation  of  the  investigations  to  develop  both  fusion  and  resistance  welding 
processes  for  iron-aluminum  alloy  fabrication  as  reported  under  Document  No, 
151104.  The  limited  work  conducted  using  the  tungsten  arc  gas  shielded  pro¬ 
cess  further  verified  the  need  for  pre  and  postweld  heat  treatment.  An  in¬ 
vestigation  was  initiated  to  develop  coated  manual  arc  welding  electrodes  for 
welding  iron-aluminum  alloys.  With  aluminum  added  to  the  coating,  it  was 
possible  to  obtain  a  weld  metal  deposit  with  up  to  10^  aluminum  content.  Re¬ 
sistance  spot  and  stitch  welding  schedules  were  developed  for  the  material 
thiclcnesses  to  be  used  in  fabricating  the  J-57  engine  turbine  exhaust  cone. 

Two  different  approaches  in  making  the  cone  body  blank  were  tried  to  eliminate 
cracking  during  hot  spinning  of  the  cone  detail  without  success,  A  two  part 
blank  Welded  together  after  spinning  to  form  the  complete  cone  body  is  now  in 
process,  A  large  carburizing  box  was  fabricated  and  put  in  service.  Severe 
cracking  was  experienced  during  welding  and  in  service. 

WADC  TR  57-298  Pt  11  November  1958 

ASTIA  Document  No,  AD  207907 
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SUBJlCTs 


IRON-ALDMIOTM  AUjOI  SIBT^ 

PART  11  -  Compeo'ttr®  Study  of  03d.dation  feslotanoa 
in  tbm  Po-41  System 
INVESTIGATORS  Richard  E,  Hotmerdlnger 

CONTRACTS  AP  33(600)-32448 

CONTRACTORS  Fort  Itetor  Coapas^ 

ATTRACTS  A  Studf  of  oxidation  rvalatusoo  of  fo-ifl.  all<^  idth 

▼arying  a1  ma^nmn  content  has  been  made*  Visual  obae?instiozui  ocmfiiiB  the 
effect  of  ^uBlnun  (0  >  l6  percent)  on  the  oxidatism  resistance  of  Fe-M 
alloys  at  teaperatures  to  2200®P  and  for  periods  of  up  to  500  hoiua* 

Attempt  to  qpantitativdy  detexalne  wei^t  gain  of  fe> 
A1  aUoya  were  not  successful*  The  lack  of  reproducible  wei^t  gain  data 
is  suggested  to  be  a  result  of  oxide  aeasis  art  inclusions* 

'Rie  addition  of  rtrcaium  vas  found  to  be  bene^oial  «sly 
at  the  7«50  percent  rtrcaniua  level*  Bie  apparent  deletertous  effects  of 
chromluB  at  levels  both  hi^^  and  lower  ttian  7*^  percent  is  to  be  further 
inresti^trt*  M  allej  containing  7*50  percent  rtminua  and  7*50  percent 
rtraniun  is  reccMnnerted  for  further  study  in  view  of  its  good  oxidation 
resistance,  corrosion  resistaiwo,  and  ductility* 


WADC  TR  57-298  Pt  12  Nbvmber  1958 

ASTIA  Doousaent  No*  AD 

SUBJECTS  IRON-ALUMINUM  ALLOT  SISTBC 

PACT  12  >  WeUing  of  Irtn-Alundnum  Alloys 
INVESTIGATORS  R*  Brools 

A,  Volio 

CONTRACTS  AP  33(600) -32448 

CCOTTRACTORs  Ford  Motor  CoBrti^ 

ABSTRACTS  Durii^  toe  period  from  March  31,  1958,  torou^  Septeab» 

bar  30,  1958,  further  inveatigati<«iS  were  cortiwted  tor  boto  fusion  welding 
art  resistance  welding  procediu’es  for  irm-aliiBiinuBi  alloys*  AiMiticsuil  re¬ 
sistance  spot  and  stitto  wolds  were  developed  fw  heats  E— 1005  and  S— 1006* 
Pabrlcation  of  a  J-^  TDCbine  Exha^t  C«me  inade  from  iron-aaumlsus  alloys 
was  completed  and  ssdadtted  for  testing*  The  forming  art  fusion  welding 
proc^ses  used  for  this  cone  were  described  to  NADC  Technical  Iteport  57-298, 
Part  10*  Information  on  too  resistance  welttng  of  toe  stiffener  art  flange 
to  the  ooiM  body  are  contained  hereto* 

Investigations  were  contimied  to^«rt  toe  dovelepment  of 
coated  Iron-aluintoum  electrodes  for  manmsl  wo  welding  to  provide  a  weld 
metal  deposit  conteintog  7-^  rtuminum  cont«it* 

A  ptogrm  for  investigattng  Hi|^  Tempe«iture  Breaing  t«8 
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initiated  for  two  reasons,  (1)  to  develop  a  hi^  strength  brazing  Joint  in 
iron-aluminvon  alloys  stii table  for  use  at  elevated  temperatures,  and  (2)  to 
investigate  brazing  problems  which  would  be  likely  in  connection  with  air¬ 
craft  fabrications. 


WADC  TR  57-298  Pt  13  May  1959 

iiSTIA  Document  No.  AD  213472 

SUBJECT:  IRON-ALUMINUM  ALLOY  SYSTEMS 

PART  13  -  Development  of  Creep  Resisting  Compositions 
INVESTIGATOR:  Roger  H.  Riobman 

CONTRACT:  AF  33(600)-32448 

CONTRACTOR:  Ford  Motor  Company 

ABSTRACT:  Utilization  of  oxidation-resistant  iron— 7-percent  alumi¬ 

num  as  a  basis  for  creep-resisting  high  temperature  materials  was  the  objec¬ 
tive  of  the  research  described  in  this  report.  Data  are  presented  to  il¬ 
lustrate  the  effects  of  1  to  4  percent  molybdenum  and  l/2  to  1  percent 
titanium  upon  the  mechanical  and  metallurgical  properties  of  iron— 7  alumi¬ 
num.  All  the  compositions  except  those  containing  a  nominal  0.25-percent 
silicon  demonstrated  good  room  temperature  mechanical  properties,  after 
oil-quendbing  or  air  cooling  from  the  recrystallization  anneal,  but  only  al¬ 
loys  of  3  aivi  4  percent  molybdenum  and  1/2  to  1  percent  titanium  possessed 
promising  elevated  temperatxure  properties.  From  correlation  of  age-harden¬ 
ing  studies  with  stress-rupture  test  results  it  was  concluded  that  molyb¬ 
denum  and  titanium  served  primarily  as  solid  solution  strengtheners.  Sug¬ 
gestions  for  the  modification  of  the  composition  to  improve  the  high  temp¬ 
erature  performance  are  presented. 


WADC  TR  57-298  Pt  14  May  1959 

ASTIA  Document  No.  AD  213473 

SUBJECT:  IRON-ALUMINUM  ALLOY  SYSTEMS 

PART  14  -  Welding  of  Iron-Aluminum  Alloys 


INVESTIGATOR:  R.  Brooks 

A.  Volio 


CONTRACT:  AF  33 (600) -32448 

CONTRACTOR:  Ford  Motor  Company 

ABSTRACT:  During  the  period  frcan  October  1,  1958  to  January  31, 

1959,  investigations  were  continued  to  develop  fusion  welding  procedures 
for  iron-alteninum  alloys.  Fabrication  of  a  furnace  hearth  and  heat-treat¬ 
ment  box  made  from  iron-alxmiinum  alloys  was  completed  and  they  were  submitted 
for  service.  The  manufacturing  and  fusion  weLdlng  processes  used  for  these 
applications  are  described  herein. 


A  J-57  Turbine  Exhaust  Cone  of  iron-aluminum  alloy  that 
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V&6  8ut®ltted  for  testing  v&s  reteraed  to  toe  Welding  DeTelopront  Dej^rtment 
this  emm  tas  damged  during  wdtmnce  testing.  Metallogratolo  e:iiSBlnaticm 
and  laobanic^  testing  were  coi^ucted  on  material  trcm  toe  damaged  cone. 


WADC  TR  57-343  Pt  II  October  1958 

4STIA  Itecunwit  Ho.  m  203524 
OTS  I^lease 


SUBJKTs  A  Siroi  OP  TIE  MBTAIimSICAL  PW)PERrilS  THAT  ARE  NECBS- 

SARI  FOR  SATISPAOTORX  FARING  PERFORMANCE  AND  THE  DBi 
VEDOPMUT  OP  IMPROVED  BEARING  ALLOYS  FOR  SERVICE  DP  TO 
1000«F 

INVlSTIGATORi  T,  V,  Philip 

A.  E.  Hehrehberg 
G.  Steven 


CONTRACT I  AP  33 (616) -3318 

CONTRACTOR  t  Crucible  Steel  Om^ny  of  Aaerlc^ 

ABSTRACT  I  To  develop  a  bearing  steel  for  ofaratlng  teoperatures  up 

to  1000®P,  flfty-H»e  «cperitt«ital  eompositioK®  were  studiwi,  fids  report 
describes  toe  toeoreUoal  conslderati.ras  toich  fona^  toe  bMto  of  toe  fom- 
ulation  of  these  steels  as  well  as  toe  annealing  cycde,  at^t^dtising  t^p- 
erature  survey,  and  toe  tempering  survey*  The  resulto  of  toe  tmipeidng 
studies  are  plotted  as  'tester  temperii^  curves”. 


from  toe  sttuly  of  toe  teni^r  resistance,  el^t  steels 
were  selected  for  further  e^luatlon  tests,  toese  tests  consisted  of  (1) 
hot  hardness  deteiminatienis,  (2)  diasialcmal  stability  i^sur^rants, 

(3)  ccaipression  tests  at  rom.  temperature  and  elevated  tomperatore,  (4) 
oxidation  resistance,  and  (5)  hot  oil  cM-rosion  resistance. 


As  a  result  of  the  foraging  tests,  a  steel  of  toe  fol- 
louing  composition  is  reeoni»nded  for  me  as  a  bearing  steel  for  operating 
tmsperatures  up  to  lOOO^Fs 


C  Qr 

um  4.2 


V  W  Mo 

1.9  6*7  3.7 


toe  steel  should  be  heat-treated  as  follows  austaaitise  at  2225°F,  oil 
quench,  and  temper  for  too  consecutive  2-hour  periods  at  1050®F. 

This  work  tos  not  oidy  developed  a  steel  for  elevatsd- 
t^perature  baring  apidioations  but  it  has  also  clarified  toe  effects  of 
alloying  eloMnts  os  secondary  Iwrdness,  hardness  retwUon  at  ^evated 
temperatures,  and  otoer  properties  desired  of  a  hi^-temperature  bearing 

steel* 
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WADC  TR  57-344 

ASTIA  Document  No.  AD  155583 
OTS  Release 


May  1958 


SUBJECT: 

INVESTIGATOR: 

CONTRACT: 

CONTRACTOR: 

ABSTRACT: 


DEVELOPMENT  OF  NIOBIUM-BASE  ALLOYS 
Richard  T,  Begley 
AF  33(6l6)-33l6 

Westinghouse  Electric  Corporation 

The  flow  and  fracture  characteristics  of  commercial 


purity  powder  metallurgy  niobium  were  investigated  in  the  range  250  to 
-196%.  Niobium  was  found  to  undergo  a  ductile-brittle  transition  in  the 
range  -125  to  -196®C,  and  the  transition  temperature  range  of  niobium  was 
found  to  be  less  affected  by  the  presence  of  interstitial  impurities  than 
many  other  body-centered  cubic  metals. 


The  creep-rupture  properties  of  powder  metallurgy  niobium 
were  investigated  at  982  and  1093  C  (1800  and  2000  F),  and  the  l©0-hour 
rupture  strength  of  commercial  niobium  in  vacuum  was  determined  to  be 
significantly  greater  than  vinalloyed  molybdenum.  The  creep-rupture 
results  suggest  that  small  quantities  of  gaaeotis  contaminants  may  be 
responsible  for  the  high  strength  of  commercial  niobium  at  elevated 
temperatures. 


The  oxidation  behavior  of  niobium  was  investigated  in 
the  temperat\ure  range  350  to  700  C.  At  the  higher  temperatures,  oxidation 
followed  a  linear  rate  law.  Between  500  and  625  C,  the  rate  of  oxidation 
was  found  to  be  ne8u*ly  independent  of  temperature. 

Ojqrgen  and  nitrogen  contamination  of  welding  atmospheres 
was  studied  to  determine  its  effect  on  the  weld  properties  of  niobium. 
Nitrogen  was  established  to  be  very  detrimented  to  the  mechanical  properties 
of  niobium  welds. 


High-purity  niobium,  having  a  heaviness  of  less  then  60  VPN, 
was  produced  by  cage-zone  refining  techniques. 
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SUBJECT: 

INVESTIGATOR: 

CONTRACT: 

CONTRACTOR: 

ABSTRACT: 


DEVELOPMENT  OF  NIOBIUM-BASE  ALLOTS 
Richard  T.  Begley 
AF  33(6l6)-33l6 

Westinghouse  Electric  Corporation 

Flow  and  fracture  studies  indicate  that  the  ductile  to 


brittle  transition  of  niobium  is  little  affected  by  oxygen  content  in  the 
range  0.01  to  0.1^  0„.  The  impact  transiticm  range  of  electron-beam  melted 
niobium  was  found  to'^be  considerably  below  that  of  powder  metallurgy 
niobium  of  somewhat  higher  oxygen  concentration. 


WADC  TR  53-373  Sup  6 


95 


strain-hardening  and  strain  aging  in  noiblum  were 
studied,  ibi  activation  energy  of  27,100  cal/mol  was  determined  for  strain 
aging  in  niobium,  llie  recrystallization  behavior  of  electron-beam  melted 
niobium  was  studied  in  detail. 

Creep-rupture  data  were  obtained  on  electron-beam 
melted  niobium  at  (STL  C)  1600  F  and  (982  C)  18CK)  F,  The  electron-bean 
material  had  much  lower  rupture  strength  than  powier  metallurgy  niobium 
containing  0,6$  Zr  tested  previously.  Hie  effect  of  temperature  <Mi  ttie 
modulus  of  elasticity  of  niobium  and  tantalum  was  determined  in  the  range 
25  C  to  900  C, 


Studies  of  the  thermodynamics  of  niobium  oxides  and  the 
kinetics  of  Nb-water  vapor  reaction  were  carried  out.  The  themodynamlc 
ftmctions  obtained  in  this  study  for  the  formation  of  NbgOg  frcn  Nb^O, 
are  in  excellent  agreement  with  calculated  values,  ^ 

A  selection  of  the  most  promising  weldable  niobium- 
base  alloys  ms  made  on  the  basis  of  available  physical  and  mechanical 
property  data. 


Niobium  of  low  oxygen  and  nitrog«i  content  \mis  produced 
by  cage-zone  and  floating  zone  melting  techniques,  T3valuaticm  of  material 
I^epared  by  electron-beam  melting  and  vacuum  arc  melting  was  carried  out. 
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SUBJKTl  OXIDATION  OF  IXPlRIIffiNTAL  AIIDIS 

INVESTIGATOR!  Joseph  C,  Richmond 

H,  Richard  Thornton 


CONTRACT!  AF  33(6l6)-56-19 

CONTRACTOR!  National  Bureau  of  Standards 

ABSTRACT!  A  study  was  made  of  the  oxidation  issistance  of  ten  high- 

tsnperature  alloys |  l)  alurainum^modified  Ni chrome  V,  2)  Ni chrome  V, 

3)  niobium-modified  Nichrcme  V,  4)  an  iron-chromium-alvmiinum  alloy,  5) 
Inconel  702,  6)  Hastelloy  R235,  7)  Hastell(y  ¥,  8)  type  316  stainless  steel, 
9)  Inconel  X  and  10)  Inccnel,  Tests  included  the  measurement  of  the 
average  depth  of  external  oxidation  and  maximum  depth  of  oxide  penetration 
on  specimens  that  had  been  subjected  to  stress  in  air  at  high  temperature 
for  100  hours,  and  on  specimens  that  had  been  subjected  to  stress  in  air 
under  JfLuctuating-temperature  conditions  for  an  equivalent  length  of  time, 
plus  continuous  recording  of  the  weight  change  of  specimens  oxidized  in 
air  at  high  temperatures. 


% 
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The  depth  of  oxidation  was  fouzxd  to  increase  with 
temperature  and  with  stress.  There  was  little  effect  of  stress  at  stresses 
below  that  required  to  produce  Tl%  extension  in  100  hours.  All  of  the 
alloys  conformed  reasonably  well  to  the  parabolic  rate  law  in  the  weight- 
gain  oxidation  tests. 
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SUBJECT: 

INVESTIGATOR: 


OHDATION  OF  EXPERIMENTAL  ALLOYS 
Joseph  C.  Richmond 
H.  Richard  Thornton 


CONTRACT:  AF  33(616)  56-19 

CONTRACTOR:  National  Bureau  of  Standeurds 

ABSTRACT:  A  study  was  made  of  the  oxidatim  resistance  of  five 

newly-developed  high- temperature  alloys:  two  nickel-molybdenum-chrcanlum 
alloys  and  three  iron-chromium-aluminum  alloys.  Tests  included  the  measure¬ 
ment  of  the  average  depth  of  external  oxidation  and  maximum  depth  of  oxide 
penetration  on  specimens  that  had  been  subjected  to  stress  in  air  at  high 
temperature  for  100  hours,  and  on  specimens  that  had  been  subjected  to 
stress  in  air  under  fluctuating-temperature  conditions  for  an  equivalent 
length  of  time.  The  weight  change  of  specimens  oxidized  in  air  at  high 
temperatures  was  continuously  recorded  for  periods  up  to  100  hours. 


The  depth  of  oxide  penetration  was  fovind  to  increase 
with  temperature  and  with  stress.  There  was  little  effect  of  stress  at 
stresses  below  that  required  to  produce  one  percent  extension  in  100  hours. 
All  of  the  alloys  conformed  reasonably  well  to  the  parabolic  rate  law  in 
the  weight-gain  oxidation  tests. 
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SUBJECT:  A  RESEARCH  PROGRAM  ON  THE  INVESTIGATION  OF  SEAL 

MATERIALS  FOR  HIGH  TEI-IPERATURS  APPLICATION 
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INVESTIGATOR  I  Raymond  H*  Bsiskey 

CONTRACTi  AF  33(6l6)-3891 

CONTRACTOR!  Horizcms  Incorporated 

ABSTRACT!  Novel  rotating  seal  materials  for  potential  alr<n*aft 

applications  at  high  spe^  and  high  temperatures  were  dev^oped  and  tested 
under  conditicms  of  no  external  lubricati<m.  These  materials  were  arrived 
at  after  a  systsnatic  study  of  the  wear  behavior  of i 

i.  Pure  refractory  hard  metals 

2*  Binary  alloys  of  pure  refractory  hard  metals,  bonded 

with  nickel 

3*  Ternary  alloys  of  pure  re^actory  hard  metals,  bonded 
with  nickel  and  Infil'brated  with  silver# 

Tests  were  conducted  to  determine  the  benefit  drived 
from  additions  of  nickel  or  silver  to  the  refractory  hsird  metals#  The 
nickel  acts  as  a  tough,  oxidaticaj-resistant  matrix#  The  silver  was 
added  to  act  as  a  lubricant  as  it  softens  at  high  temperatures#  This  aids 
the  shearing  action  between  mating  surfaces  and  lowers  the  surface  friction# 

Two  ternary  alloys  prepared  by  powder  metallurgy  techniques 
and  consisting  of  high  percentages  by  weight  of  a  refractory  hard  metal, 
with  nickel  and  silver  suiditions,  show  superior  wear  qualities  wh«i  run 
against  either  tool  steel  or  Inconel#  Tests  were  made  at  sliding  speeds 
of  30,CX)0  fpm  and  ambient  temperatures  up  to  1350 ®F#  The  best  alleys 
contained  either  tungsten  boride  (WB)  or  chromium  nitride  (CrN)  as  the  hai^ 
refractory  metal# 


The  WB  allc^  exhibited  a  constant  wear  rate  at  all 
temperatures  against  tool  steel.  The  wear  rate  of  the  CrN  alloy  decreased 
at  the  higher  temperatures# 

All  ternary  allqys  run  against  Inconel  disjxLayed  a 
decrease  in  wear  rate  at  ambient  temperatures  over  600®F#  Hie  wear 
decreased  as  a  function  of  temperature  for  several  ternary  alleys  against 
tool  steel# 


An  unimpregnated  graphite  seal  coated  wllii  an  oxidation 
resistant  layer  of  zirconium  carbide  showed  improved  wear  properties 
over  a  regular  graphite  impregnated  seal  at  an  ambient  temperature  of  1050®P 
and  sliding  speeds  of  14,000  fp®  against  stainless  steel  type  303, 

The  finest  wear  performance  was  attained  when  Kentanium 
K162B  ran  against  Kentanium  K162B  at  sliding  speeds  of  14,000  fpm  in  an 
ambient  t«!iperature  of  1100  ®F, 
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It  is  hypothesized  that  the  wear  process  is  drastically 
influenced  by  the  oxidation  occuring  on  the  rubbing  surfaces  and  that  with 
proper  choice  of  materials,  stable,  complex  oxides  are  formed  which  provide 
the  correct  solid  lubricating  film  on  each  component  and  markedly  lower 
the  wear  rate  as  the  temperature  is  increased* 


WADC  TR  58-299  October  1958 

ASTIA  Document  No.  AD  203787 
OTS  Release 

SDBJECTt  A  STUD!  OF  REFRACTORY  MATERIALS  FOR  SEAL  AND 

BEARING  APPLICATIONS  IN  AIRCRAFT  ACCESSORY 
UNITS  AND  ROCKET  MOTORS 

INVESTIGATOR:  L.  B.  Sibley  C.  L.  Peterson 

C.  M.  Allen  W.  H.  Goldthwalte 

¥.  J.  Zielenbach 

CONTRACT:  AF  33(6l6)-3995 

CONTRACTOR:  Battelle  Memorial  Institute 

ABSTRACT:  A  nimber  of  ceramic,  cermet,  and  high- temperature  alloy 

materials  have  been  evaliiated  for  corrosion  resistance  and  for  friction  and 
wear  behavior  in  an  oxidizing  atmosphere  from  1000  to  1800  F.  Rubbing- 
wear  experiments  were  conducted  at  200  feet  per  second  sliding  speed  with 
about  20-psi  load  pressure  usually  applied  to  the  contact  surfaces.  Several 
material  combinations  involving  an  alumina-chromium-molybdenum  cermet, 
silicon  carbide,  almnina,  and  perhaps  a  titanium  carbide-nickel-molybdenum 
cermet  may  be  satisfactory  for  short-life  rubbing-seal  applications  imder 
these  conditions.  The  applications  of  these  materials  are  limited  since 
they  wear  rapidly  and  exhibit  erratic  frictional  behavior.  Superficial 
surface  cracking  was  observed  on  the  wear  surfaces  of  all  specimens  containing 
brittle  ceramic  phases  except  possibly  silicon  carbide.  A  wear-failure 
mechanism  for  refractory  materials  under  sliding  contact  is  postulated,  and 
some  correlation  of  the  experimental  results  with  conventional  thermal- 
stress-resistance  parameters  is  obtained. 

Two  rubbing-wear  experiments  were  conducted  in  a  high- 
temperature  reducing  atmosphere.  The  static  corrosion  resistance  of 
several  potential  bearing  and  seal  materials  was  determined  in  a  nitric 
acid  oxidizer  used  in  some  rocket-propellant  pumps.  Experimental  ceramic 
and  ceimet  materials  were  fabricated,  and  some  of  these  specimens  were 
evaluated  in  rubbing-wear  experiments  in  the  oxidizing  atmosphere  to  study 
certain  material-property  effects  on  friction  and  wear  behavior. 
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SUBJECT:  DEVELOPMENT  OF  PROCEDURES  Afffi  TECHNIQUES  FOR  PREPARING 
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INVESTIGATORS 


R,  C.  Bertosaa 
S*  Rau 

CONTRACTS  AP  33(616 )-5215 

CONTRACTORS  Staafoi^  ReseM^ch  Institute 

ABSTEtACTs  The  purpose  of  this  project  was  to  develop  a  process 

tcac  bonding  tantalum  sheet  to  OMC  copper*  This  was  successfully  accompLlsbed 
both  by  casting  molten  copper  directly  into  an  annealed  tantalum  cone  under 
ccmtrolled  vacuum-inert  gas  atmospheres,  and  "bj  using  intermediate  brazing 
allc^  to  produce  high  integrity,  -rocuum  bonded  Joints  between  OEHC  coiner 
and  annealed  tantalum. 

Ifetallurgical  and  microhardness  eTOlimtlons  reveal  that 
sound,  continuous  bonds  can  be  effected,  with  ductile  interfaces,  in  Joining 
OPHC  copper  to  annealed  tantalum  vacuum-inert  gas  techniques. 

Physical  tests  on  brazed  coppeivtantalum  composite 
jj.ate3  show  «ccellent  bcmd  str«agths  under  multi-axial  stresses  encountered 
in  180®  flat  bends  and  in  cold  forming  of  flat  composite  plate  into  nose- 
cone  shapes. 


ELe-mt^  temperature  tests*  cm  copper-tantalum  clad  nose- 
ccmes,  both  uncoated  and  metal  cm  ceramic  coated  on  the  exposed  tantaloa 
surfaces,  exhibited  the  ability  of  selected  brazing  alloys  to  maint^n 
intimate  contact  between  the  copper  and  tantalum  at  temperatures  up  to  the 
melting  point  of  copper*  The  hi^  thermal  conductivity  of  the  copper  layer 
OTabled  it  to  absorb  siafficlent  heat  from  the  tantalum  surface  to  allow  the 
tantalum  cone  shell  to  contain  the  molten  copper  as  long  as  tw3  minutes  at 
twnperatxirea  above  2000®C  (measiced  optically  m  the  exposed  tantalxam). 
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SUBJTCTt  AN  INVESTIGATION  OF  THE  MTOHANICAL  PROPERTIES  OF  CERMETS 

AS  RELATED  TO  THE  MICROSTRUCTURE 
INVESTIGATORt  Ira  Binder 

Robert  Stelnitz 


CONTRACT I  AF  33(6l6)-5084 

CONTRACTORi  Firth  Sterling,  Inc. 

ABSTRACTi  A  summary  of  cermet  literature,  especially  that  pertaining 

to  microstructure,  was  made.  Using  60  TiC  -  40  Ni  as  the  test  material, 

seven  different  test  groujM  were  formulated,  comi^islng  changes  in  original 
particle  size,  processing  lu'ocedure,  and  controlled  binder  addition*  Each 
tost  group  was  heated  in  seven  different  fashions* 


^ch  test  batch  so  obtained  was  tested  for  physical 
properties  and  its  microstructure  %ms  investigated*  lbs  microstructures 
were  correlated  with  ctenges  in  pl^ical  properties* 
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SUBJECT I  INVESTIGATION  OF  THE  PROPERTIES  OF  TANTALUM  AND  ITS  ALLOYS 

INVESTIGATORi  William  D.  KLopp  Chester  T,  Sims 

F!red  R.  Schwartzberg  H.  Russell  Ogden 

Frank  C*  Holden  Robert  I.  Jaffee 

CONTRACT*  AF  33(6l6)-5668 

CONTRACTOR*  Battelle  Memorial  Institute 

ABSTRACT*  A  survey  of  literature  pertaining  to  tantalum  and  tan¬ 

talum  alloys  has  been  carried  as  part  of  the  study  of  the  properties  of 
tantalum  and  its  alloys*  The  results  of  that  survey  are  reported  in  narrative 
style  with  references  to  published  data.  A  bibliography  of  available 
publications  is  included*  Bnphasis  was  placed  on  subjects  pertinent  to  the 
research  being  conducted  on  this  project  with  a  more  general  coverage  of 
other  subjects* 
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SUBJECT*  EVALUATION  OF  ALLOYS  FOR  HIGH  TEMPERATURE  GEAR  APPLICATIONS 

INVESTIGATOR*  E.  G*  Jackson  E.  H,  Rowe 

C.  F.  Muench  E.  H.  Scott 

CONTRACT*  AF  33(6l6)-5266 

CONTRACTOR*  Gener^  Electric  Canpany 

ABSTEIACT*  The  selection  of  materials  for  use  in  high  mach  number 

aircraft  gears  requires  consideration  of  high  temperature  physical,  mechanical 
and  chemical  properties,  and  of  rubbing  compatibility*  This  program  was 
designed  to  obtain  bench  test  data  on  ten  different  materials  for  application 
as  gears  at  operating  temperatures  to  700®F*  Oils  representing  two  important 
classes,  silicone  and  mineral,  were  chosen  for  scoring  tests* 

High  temperature  data  were  obtained  on  hardness,  dimen¬ 
sional  stability,  tensile,  impact  and  tooth  fatigue  strengths,  corrosion  and 
oxidation,  and  on  surface  scoring  resistance* 

The  most  fatigue  resistant  material  was  Modified  M50, 
Carburized,  while  Matrix  M2  was  the  best  of  the  through-hardened  steels* 

In  score  resistance,  the  best  material  depended  on  the  oil;  L.P.D*  (Vacuum), 
Nitrided  was  the  best  with  silicone,  but  Ml  rose  from  second  place  with 
silicone  to  first  with  mineral  oil*  Choice  of  material  for  any  application 
must  depend  on  whether  tooth  breakage  or  scoring  is  the  limiting  factor, 
however,  the  L.P.D*  (Vacuum)  Nitrided  is  the  best  compromise  since  it  ranked 
high  in  all  tests* 
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SUBJECTS  DEmOPl-fflNT  OF  TESTING  PROCEDURES  Aim  EVALUATION  OP 

REFRACTORY  MATERIALS 
INVESTIGATORS  John  M.  Allen 

James  L,  Harp 

CONTRACTS  AF  33(6l6)-5301 

CONTRACTORS  Battelle  Memorial  Institute 

ABSTRACTS  In  this  work  specimens  of  several  materials,  both  with 

and  without  protective  coatings,  were  subjected  to  severe  heat  pulses  to 
determine  their  capacity  as  a  heat  sink.  Results  were  compecred  on  the 
basis  of  the  amount  of  heat  a  specimen  codd  absorb  without  esqieriencing 
surface  failure  by  melting  or  chemical  reaction.  The  heat  pulses  were 
imposed  by  placing  the  materials  in  the  throat  of  an  H^-O^  rocket  motca* 
and  operating  the  motor  in  such  a  manner  that  the  heat  rite  increased  to  a 
maximum  in  12  seconds  and  decreased  during  the  next  12  seconds,  suitable 
calibration,  the  instantaneous  applied  heat  flux  and  the  integrated  heat 
impulse  were  deteradned.  It  was  found  that  1-inch-thick  copper  can  absorb 
an  integrated  heat  impulse  of  12,000  Btu/(ft2)  ^  24-second  period  vhm 
the  maximum  heat  flux  at  the  midpoint  of  the  pulse  is  822  Bt\i/(ft2)(sec). 
Similarly,  nickel  can  absorb  7500  Btu/(ft2)  with  a  maxlTwtim  flux  of  570  Btu/ 
(ft2j(ggo).  Graphite  protected  by  a  coating  of  silicon  carbide  formed  in 
place  can  absorb  approximately  9000  Btu/(ft2)  in  a  strongly  oxidizing 
atmosphere  with  a  peak  heat  flux  of  600  Btu/(ft2)(ggc)  'before  the  protective 
coating  is  destroyed.  More  severe  exposure  caused  drastic  failure  of  the 
surface  of  each  of  these  materials. 
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CONTRACTS  AF  33(6l6)-5542 

CONTRACTORS  The  Carborundum  Company 

ABSTRACTS  Various  preparatlaial  techniques  have  been  used  to 

fabricate  graphite-based  bodies  which  have  potential  resistance  to  hi^ 
velocity,  high  temperature  air.  Ifeterials  have  been  e'valuated  in  a 
high  intensity  arc  testing  facility.  Restilts  are  reported  herein. 

At  least  ten  compositions  have  been  developed  which 
are  superior  to  either  AGKSP  graphite  or  to  a  graphite-silicon  carbide 
body  on  the  bases  of  tests  imposed. 
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SUBJECT:  THE  EFFEXiT  OF  PRESTRAIN  AND  RETEMPERING  ON  ULTRA» 

HIGH  STRENGTH  STEEL 

INVESTIGATOR:  Edward  T,  Stephenson  Benjamin  L.  Averbach 

Jforris  Cohen 

CONTRACT:  AF  33(6l6)-2012 

CONTRACTOR:  Massachusetts  Institute  of  Technology 

ABSTRACT:  The  mechanical  properties  of  pretempered,  prestrained, 

and  retempered  ultrar-high  strength  steel  8ire  reported  here*  Pretempering 
temperatures  were  varied  from  400  to  1200 *F,  prestrains  from  0  to  7$ 
elongation,  and  retempering  temperatures  from  70  to  1200°F. 

It  is  found  that  prestrain  and  retempering  may  cause  a 
significant  increase  in  the  yield  stress  and  tensile  strength,  but  with  an 
accompanying  loss  of  ductility  and  toughness.  On  increasing  the  retemperiag 
temperature,  a  maximum  occurs  in  the  strength  adong  with  a  minimum  in  the 
ductility  and  toughness.  The  temperature  of  the  maximum  shifts  from  300 
to  700 ®F  with  increasing  pretempering  temperature,  and  the  minimum  behaves 
similarly. 

Any  tempering-prestrain  combination  which  increases  the 
strength  appreciably  also  decreases  the  elongation-to-maximum-load  to 
practically  zero.  This  behavior  severely  limits  the  possible  application 
of  prestrained  ultra-high  strength  steel. 

Prestrain  and  retempering  (below  the  pretempering 
temperature)  have  no  observable  effect  on  the  fracture  stress,  the  hardness, 
or  the  electron  microstructure. 

Several  phenomena  are  considered  in  an  attempt  to  account 
for  the  resxILts  of  this  investigation.  Substructure  seoned  to  be  the  most 
promising  model  for  explaining  the  observed  behavior.  However,  the  evidoace 
is  inconclusive. 


WADC  TR  59—57  May  1959 

ASTIA  Document  No.  AD  214426 

SUBJECT:  THE  EFFECT  OF  SILICON  ON  THE  TEMPERING  OF  HIGH  STRENGTH 

STEELS 

INVESTIGATOR:  C.  J.  Alts tetter  B.  L.  Averbach 

Morris  Cohen 
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CONTRACT!  AF  33(6l6)-5l6l 

CONTRACTOR!  Ifessachusetts  Institute  of  Teclmology 

ABSTRACT!  'Hie  tempering  of  steels  with  a  base  compositiai  of 

AISI  43XX  and  up  to  3^  silicon  was  studied  by  measuring  l<mgitudinal 
mechanical  properties  and  kinetic  behavior.  Ihe  kinetic  analysis  \raa 
performed  on  precislcm-length  measurements  after  isothermal  tempering 
treatments  frcm  72®  to  850*^’}  mechanical  properties  were  evaluated  atfter 
one  hour  tempers  at  temperatures  up  to  1300®F, 

It  \ms  found  that  silicon  affects  the  temperature  at 
vdiich  the  first-stage  decomposition  products  transform  to  cementite  and 
ferrite,  although  silicon  has  no  marked  influence  on  the  first  stage  itself. 
In  steels  without  added  silicon,  the  transformation  of  low-carbco  aartMisite 
and  ef^llon  carbide  to  ferrite  and  cementite  (which  is  the  third  stage  in 
iron-carbon  allies)  is  split  into  two  substages  because  of  the  stabilizing 
effect  of  the  alloying  elements  on  epsilon  carbide.  The  first  substage  is 
the  transformation  of  low-carbon  martensite  to  thln-plate  CMiaitite  and 
ferrite,  and  the  second  is  the  resolutioi  of  ejsilon  carbide  and  the 
Iu*ecipitatlon  of  cementite.  In  silicon  steels,  the  last  two  reactions 
occur  simultaneously  because  of  the  higher  transformation  temperatures. 

Ihe  changes  in  the  matrix  and  carbide  phases  are  Reflected 
in  the  mechanical  properties,  A  decrease  in  matrix  carbon  content  causes  a 
decrease  in  hardness  and  ultimate  strength,  likewise,  an  ag^aneratioj  of 
carbide  also  causes  a  decrease  in  these  jroperties.  The  influence  of  silicon 
on  the  as-quenched  hardness  is  considered  to  be  due,  at  least  in  part,  to 
its  effect  on  quench-tempering.  The  "500®?  embrittlement  phenanenon"  is 
attributed  to  the  morphology  of  the  first-formed  canentite,  Silicon  permits 
tempering  to  higher  tsnperature  inhibiting  both  the  softening  effect  of 
carlson  depletion  from  the  matrix  as  well  as  the  embrittling  effect  of 
cementite  precipitation. 


METALS.  NONFERROUS  ALUMINUM 


¥ADC  TN  58-57  June  1958 

ASTIA  Document  No.  AD  155672 
OTS  Release 


SUBJECT!  METALLURGICAL  INVESTIGATION  OF  ALUMINUM  ALLOT  22219-T6 

INVESTIGATOR!  Paul  L,  Hendricks 

ABSTRACT!  This  investigation  was  imdertaken  to  determine  saae 

design  properties  of  aluminum  alloy  U219-T6  at  rocan  and  elevated  toaper- 
atures.  The  investlgaticai  including  the  deteimination  of  tensile  properties. 
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fatigue  properties,  stress  rupture  properties  and  stress  corrosion  charac¬ 
teristics  of  aluminum  alloy  K219-T6  under  various  temperature  conditions 
up  to  600 ®F, 


METALS.  NONFERROUS  MAGNESIUM 


WADC  TR  58-218  November  1958 

ASTIA  Document  No.  AD  204797 
OTS  Release 


SUBJECT: 


FORGING  CHARACTERISTICS  AND  PROPERTIES  OF  HM21XA  AND 
EK31XA  MAGNESIUM  ALLOY  PRODUCTION  FORGINGS 


INVESTIGATOR:  J.  F.  Pashak 

CONTRACT:  AF  33(6l6)-3578 

CONTRACTOR:  The  Dow  Chemical  Company 

ABSTRACT:  This  production  closed-die  forging  program  was  established 

for  the  purpose  of  determining  the  forging  characteristics  and  properties 
of  two  high  temperature  magnesium  alloys,  HM21XA  and  EK31XA,  in  five  sets 
of  commercial  design  tools.  Both  cast  and  extruded  material  were  rised  as 
forging  stock.  Test  specimens  for  room  and  elevated  tonperature  testing 
were  taken  from  the  forgings  in  normal  production  test  locations  after  the 
HM21XA  forgings  were  aged  to  the  -T5  temper  and  the  EK31XA  forgings  were 
heat  treated  to  the  -T6  condition. 


BK31XA  alloy  is  readily  forgeable  in  regxiLar  hydraulic 
presses  and  the  Air  Force  heavy  presses  with  stock  temperatures  of  750- 
950F  and  die  temperatures  of  700-850F.  HM21XA  alloy  is  relatively  stiff 
to  forge  in  this  temperature  range  and  the  alloy  is  also  susceptible  to 
cracking  when  subjected  to  bending  moments  during  the  forging  cycle.  The 
cast  forms  of  both  alloys  are  slightly  stiffer  to  forge  than  the  extruded 
forms. 


The  strength  properties  and  creep  resistance  of  EK31XA- 
T6  production  forgings  are  outstanding  at  temperatures  to  500F.  Properties 
of  HM21XA-T5  forgings,  although  lower  than  anticipated  at  moderate  tempera- 
tvu’es,  duplicate  those  obtained  on  laboratory  material  at  the  higher  testing 
temperatures.  Optimum  properties  are  obtained  in  this  alloy  by  strain 
hardening  and  maintaining  the  Ma  content  at  about  0.60^.  Modtius,  shear, 
bearing,  and  fatigue  properties  for  both  alloys  are  presented  at  appropriate 
testing  temperatures. 
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METALS.  NONFBRROUS  TITMIUM 


WADC  TR  54-616  Part  V  February  1959 

ASTIA  Document  No,  AD  2093"^ 

OTS  Release 

SUBJECT!  HYDROGEN  CONTAMINATION  IN  TITANIUM  AND  TITANIUM  ALLOYS 

PART  V.  HYDROGEN  EMBRITTLE^^ENT 
INVESTIGATOR!  D.  N.  Williams  R.  I.  Jaffee 

P.  R.  Sch\^irtzberg 
CONTRACT!  AP  33(6l6)-5007 

CONTRACTOR!  Battelle  Maaorial  Institute 

ABSIRACT!  Extensive  investigations  intaided  to  provide  information 

relating  to  the  machanism  of  hydrogen  oabrittlement  in  titanium-base  allc^ 
\tere  carried  out.  Studies  included  detailed  measuranents  of  the  effects  of 
temperature,  strain  rate,  and  hydrogen  content  on  hydrogen  embrittlement | 
examlnaticm  of  all-alpha  and  all-beta  alloys  for  susceptibility  to  l^drogwi 
embrittlement I  calculations  of  probable  hydrogai  solubility  in  alpha  and 
beta  titaniumi  and  several  other  informative  investigations.  An  embrittle¬ 
ment  mechanism  is  outlined.  Alloys  previously  prepared  and  examined  to 
determine  the  effects  of  all<^  content  and  microstructtire  on  hydrog«i 
«Bbrlttlement  (WADC  TR  54-616,  Part  IV)  were  further  studied  by  means  of 
notched  stress-rupture  tests,  TMs  work  has  resulted  in  seme  alteration  in 
previously  expressed  conclusions  regarding  alloying  and  microstructtiral 
,  effects. 


WADC  TR  58-105  August  1958 

ASTIA  Document  No.  AD  155850 
OTS  Release 

SUBJECT!  RSINVESTIGATION  OF  THE  SYSTEMS  Tl-Al-Cr  AND  Ti-Al-V 

CONTRACT!  AF  33C6l6)-36l9 

CONTRACTOR!  New  York  diversity 

ABSTRACT!  Bie  Ti-Cr  and  Ti-V  systms  have  been  investigated  in  the 

range  of  2-36$  Cr  and  2-36$  V  in  the  temperature  range  500®-1150®C  (Or) 
and  500®-900*tt  (V),  with  both  iodide  titanium  and  Bureau  of  Mines  titanium 
as  base  material.  Conventional  and  rapid-quenching  techniques  were  employed 

In  the  W-Cr  system,  the  boundary  was  lower  than  that  generally 

obtained  conventional  quenching,  nie  ^  transus  esdiibited  a  change  in 
slope  at  about  750 ®C  for  both  iodide  titanium  and  Bureau  of  Mines  titanium, 
ThSi^ //»*TiCr  boundary  seemed  to  be  shifted  towards  lower  chromium  content 
when  the  Bureau  of  Mnes  titanim  was  used  as  base.  The  eutectoid  temper¬ 
ature  was  found  to  be  between  660®  and  670 ®C  for  iodide  titanium  base  alloys 
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In  th®  !!<=■¥  system^  the  boundary  was  in  agreement 

with  most  of  the  earlier  determinations®  Below  650®C  it  was  found  to  be 
greatly  obsctired  by  the  presence  of  an  impurity  phase. 

Ti-Al-Cr  Svstemt 


Five  tentative  isothermal  sections  of  the  titanium-rich 
comer  (up  to  40^  A1  and  32^  Gr)  of  the  Ti-41-Cr  system  have  been  constructed 
at  200-de^ee  intervals  between  600  and  1400  °C.  The  following  ternary 
reactions  appear  to  take  place: 

Liq.  +  Ti^Al— *^+  TiAl  between  1200  -  1400°C 
^  +  £  TigAl  «•  800  -  1000°C 

3  +  Ti2Al”**  <  -*•  TiGr2  »  600  -  800®G 

A  miscibility  gap  in  the  p  field  is  produced  by  the 
interaction  of  the^  +Ti2Al  and  the;84TiGr2  fields.  The C -phase  has  been 
encountered  microscopically  and  this  phase  is  believed  to  be  a  binary 
Ti-Al  phase  occuring  in  the  binary  Ti-Al  system  in  the  vicinity  of  12^ 

A1  below  approximately  1100 °G. 

Ti-Al-V  System: 


The  titanium-rich  comer  of  the  Ti-Al-V  system  has  been 
investigated  in  the  region  up  to  45  wt/6  A1  and  up  to  35  wt^  V  and  between 
700  and  1400®G.  T5ight  isothermal  sections  at  100-  degree  intervals  are 
presented. 


The  phases  encountered  in  this  region  were  those  which 
have  been  identified  as  being  present  or  probably  present  in  the  binary 
Ti-Al  system,  namely  Ti2Al  and  TiAl. 


WADG  TR  58-161  August  1958 

ASTIA  Document  No.  AD  155835 
OTS  Release 


SUBJEGT: 

INVESTIGATOR: 

GONTRAGT: 

GONTRAGTOR: 

ABSTRAGT: 

beta  grain  size  as  a  contributing  factor  to  the  loss  of  ductility  that 
occurs  when  titanium  edloys  are  heat  treated  at  temperatures  above  the 
beta  transus.  In  a  second  phase  of  the  research  a  heat- treatment  program 


A  STUDY  OF  BETA  EMBRITTLEMENT  IN  HIGH-STRENGTH 
TITANIUM  ALLOYS 

Andrew  J.  Griest  Herbert  A.  Robinson 

Arthur  P,  Yoimg  Paul  D,  Frost 

AF  33(6l6)-5007 
Battelle  Memorial  Institute 

Studies  were  conducted  to  determine  the  importance  of 
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VM  earried  out  in  an  effort  to  develop  procedures  for  restoring  ductility- 
in  beta-embrittled  materiri.  To  supplement  these  studies,  a  microscopic 
study  of  deformatiai  in  pertinent  microstructures  was  conducted* 

As  a  result  of  these  investigations,  it  ms  concluded  that! 

(a)  The  primary  cause  of  beta  embrit-KLement  is  the  large 
grain  size  which  is  obtained  so  rapidly  in  many  alpha-beta 
titanium  alleys  when  heated  into  the  beta  field.  Grain¬ 
boundary  alpha  and  acicuLar  intragranular  alpha  in  the 
microstructure  are  not  detrimental  if  the  beta  grain  size 
is  fine. 

(b)  Hie  structures  resulting  from  beta  trea-toents  are  quite 
stable  and  can  not  be  significantly  altered  in  a 
beneficial  way  by  heat  treatment  alone. 

(c)  Certain  alloys  (such  as  Ti-  167-  2.5^)  show  a  relatl-roly 

low  rate  of  beta  grain  growth.  Developnent  of  alloys  esdiibiting 
this  property  appears  to  offer  the  most  promising  means  of 
avoiding  or  minimizing  beta-embrittlemant  effects. 


WADC  TR  58-182  August  1958 

ASTIA  Document  No,  AD  155796 
OTS  Releause 


SUBJECT:  DEVELOPMENT  OF  A  HEAT  TREATABLE  TITANIUM  SHEET  ALLOY 

INVESTIGATOR:  C.  Robert  Lillie 

David  W,  Levinson 


CONTRACT:  AF  33(6l6)-3320 

CONTRACTOR:  Aroour  Research  Foundation 

ABSTRACT:  The  objective  of  this  research  program  was  to  develop 

heat  treatable  titanium  sheet  alleys  capable  of  providing  160,000  j^i  yield 
strength,  0,2^  offset,  at  rocan  temperature.  Hie  material  should  be  easily 
rolled  to  light  gages,  of  the  order  of  0,020  in,,  possess  excellent  forma- 
bility  in  the  solution-treated  condition,  and  be  stable  under  stress,  as 
heat  treated,  for  at  least  500  hours  at  600*  and  800®F,  Good  weldability 
was  secondeury  in  desirability  to  the  foregoing  requirements. 


The  program  was  divided  into  two  5«rts,  desipiated  as 
Phase  I  and  Phase  II,  Phase  I  had  as  its  purpose  the  screening  of  fifteen 
alloys  in  order  to  select  the  four  most  promising  for  more  intensiTO 
investigation  in  Phase  II,  Of  the  fifteen  alloys,  four  were  of  the  alpha- 
beta  type,  utilizing  the  strengthening  effect  of  a  precipitation-hardener, 
berylliumi  seven  alloys  were  alpha-beta  type,  based  on  well-known  successful 
ccanbinations  of  alimiinum  with  the  beta-foirmers,  manganese,  molybdenum,  and 
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vanadium,  and  dependent  for  strengthening  on  the  substitution  of  the  alpha- 
formers,  tin  or  zirconium,  for  part  of  the  alviminum;  the  remaining  three 
alloys  were  of  the  metastable-beta  type,  containing  2.5^  aluminum  for 
alpha  strengthening,  and  sufficient  amounts  of  mangsuiese,  molybdenum,  or 
vanadium  to  produce  a  mechanically  unstable  beta  phase  after  suitable  heat 
treatment. 


The  optimum  heat  treatments  for  each  of  these  alloys 
were  determined  by  bend  test  screening  to  establish  the  best  solution¬ 
treating  temperatures,  followed  by  an  aging  program  to  fix  the  temperatures 
and  times  of  aging  which  yielded  promising  hardness  values.  These  ccmbina- 
tions  of  solution  treatment  and  aging  were  then  checked  out  by  t«isile 
testing. 


The  four  alloys  selected  for  work  under  Phase  II  were: 

Ti-3Al-7Mo-0.25Be 

Ti-3Al-2Sn-4Mn 

Ti-2Al-2Sn-7Mo 

Tl-2.5Al-7Ifa 


In  Phase  II  of  the  program  these  four  alloys  were  eval¬ 
uated  by  bend  testing  and  tensile  testing,  by  measurement  of  vmiform 
elongation  in  the  solution  treated  condition,  and  by  stress  stability 
testing  for  500  hours  at  800®  and  600®F. 

Two  alloys,  Ti-3Al-7Mo-0.25Be  and  Ti-2.5A1-7MQ,  reason¬ 
ably  fulfilled  the  objectives  of  the  program  with  regard  to  bend  properties 
and  tensile  properties,  and  were  stable  laider  a  stress  of  25,000  psi  for 
500  hours  at  800 ®Fj  however,  neither  alloy  is  weldable. 


WADC  TR  58-328  October  1958 

ASTI A  Document  No.  AD  202501 
OTS  Release 


SUBJECT:  DEVHILOPMENT  OF  ACTIVE-EUTECTOID  BASE  ALLOYS 

INVESTIGATOR:  R.  F.  Bunshah 

H,  Meirgolin 

CONTRACT:  AF  33(6l6)-3942 

CONTRACTOR:  New  York  University 

ABSTRACT:  Titanium-copper  alloys  form  an  active  eutectoid  titanium 

alloy  system  in  which  the  decomposition  of  the  beta  phase  to  alpha  plus 
compound  occurs  rapidly.  This  alloy  development  program  is  a  study  of  the 
effect  of  stepwise  additions  of  A1  and/or  Sn  and/or  Zr  to  binary  Ti-2Cu, 
Ti-4Cu,  and  Ti-6Cu  alloys.  The  alloys  were  forged  as  far  as  p)ossible  in  the 
^+/?field  and  annealed  at  750°C  for  24  hours  to  alpha  plus  compound.  The 
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all<^  were  ©TOluated  tensile  tests  at  room  and  elevated  temperattares* 
Limited  stress-rupture  and  stability  tests  were  also  carried  out*  Several 
alloys  showed  excellent  tensile  properties  particularly  in  t)ie  range  1000 
to  1200°F,  A  Ti-6Cu-7Al-6ar  alloy  was  outstanding,  showing  a  tensile 
strength  of  108,900  psl  at  1200^^?.  These  alloys  show  promise  of  utility 
in  the  1000  to  12(X)®P  range.  Instability  apparently  associated  with  the 
Ti-Al  phases  ms  encountered. 


WADC  TR  58-409  January  1959 

ASTIA  Document  No.  AD  207791 
OTS  Release 

SUBJECTt  HBAT  TR1ATM8NT  RTSPONS^,  MKHANICAL  PROPERTISS  AND 

STABILITI  OF  TITANIUM  SHUT  ALLOYS 
INVESTIGATORS  Eugene  Itelgrosso  Brian  Weldon 

Peter  Kuzmenko  A,  Richard  Zello 

Allan  Springneyer  James  Chafey 

CONTRACTS  AF  33(6l6)-3585 

CONTRACTORS  Chase  Brass  and  Copper  Co.,  Incorporated 

ABSTRACTS  1116  effect  of  various  heat  trea-bnents  on  the  mechanical 

properties  of  two  titanium  alloys  was  determined.  The  two  types  of  heat 
treatments  utilized  weres  (l)  solution  treatment  and  water  quench,  (2) 
solution  treatment,  water  quench  and  age,  Bie  alloys,  Ti-4Al-3Mo-iV  and 
Ti-15V-2.5Al,  were  investigated  in  the  form  of  approximately  0,040'*  sheet. 
Three  interstitial  content  levels  of  each  alloy  were  investigated. 

Beta  transus  temperatures  were  determined  for  the  alloys. 
Room  temperature  mechanical  properties  were  evaluated  for  the  solution 
treated  and  aged  conditions  of  the  alloys  for  both  standard  and  notched 
tensile  coof igurations ,  Elevated  temperature  tensile  properties  were 
deteimined.  The  effect  of  deformation,  via  two  degrees  of  rolling  or 
stretching,  on  aging  characteristics  was  ascertained.  Three  hundred  hour 
creep  tests  were  conducted  at  600 *P  and  800 ®F,  Creep  embrittlement  was 
evaluated.  A  nicrostructural  examination  was  conducted.  Also,  the  alloy 
Ti-4Al-lPb-iai-l?-lZr  was  prei»red  in  sheet  fom  and  some  of  its  mechanical 
properties  were  evaluated. 


WADC  TR  58-438  December  1958 

ASTIA  Document  No,  AD  207078 
OTS  Release 

SUBJECT?  AN  INVESTIGATION  OF  THE  EFFECTS  OF  IMPURITIES  AND 

METALLURGICAL  VARIABLES  ON  THE  NOTCH  SENSITIVITY  OP 
TITANIUM  ALLOYS 
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INVSSTIGATOR:  Frank  C.  Holden  Horace  R.  Ogden 

Richard  W.  Dou^ass  Robert  I.  Jaffee 
CONTRACT:  AF  33(6l6)-5007 

CONTRACTOR;  Battelle  Memorial.  Institute 

ABSTRACT:  The  notch  tensile  properties  of  three  commercial  titanim” 

base  alloys,  AllOAT  (Ti-5,  OAl-2,5Sn),  Ti-6A1-4V,  and  Ti-140A  (Ti-2Fe- 
2Cr-2Mo),  were  investigated  at  six  interstitial  levels,  four  microstructural 
conditions,  and  over  a  range  of  temperatures  from  -196  to  200  C»  Notch 
sensitivity  generally  was  increased  by  increased  interstitial  content,  low 
temperature,  and  acicular-t^pe  microstructures.  In  addition,  sensitivity 
to  slow-s train  hydrogen  embrittlement  was  observed  in  the  temperatiur’e  range 
near  0  C  at  hydrogen  levels  well  below  specification  limits. 


PACKAGING 


WADG  TR  57-541  November  1958 

ASTIA  Document  No,  AD  205550 

SUBJECT:  DEVEL0P^™T  OF  PLASTIC  FOAIfENG  EQUIPMENT 

INVESTIGATOR:  George  W.  Pearce 

Sidney  Allinikov 
CONTRACT:  AF  33(600)-32235 

CONTRACTOR;  United  Engineers,  Incorporated 

ABSTRACT:  The  design,  development,  fabrication  and  evaluation  of 

an  operable  foaming  equipment  system  for  producing  mechanically  foamed 
plastic  materials  is  described.  Engineering  research  into  the  selection  of 
plastic  materials  suitable  for  use  with  the  equipment  is  discussed.  Poly¬ 
ethylene  was  selected  as  the  initial  material  to  be  mechanically  foamed, 

A  12  lb,  per  cu,  ft,  density  foam  was  achieved  with  polyethylene.  This 
proved  to  be  the  lowest  density  foam  produced  with  the  equipnent  at  present 
state  of  development.  Polyvinyl  chloride,  styrene,  and  nylon  were  foamed  in 
densities  of  18,  15,  and  17  lbs,  per  cu.  ft,  respectively. 

Densities  of  all  the  foams  produced  were  higher  than  the 
1,5  to  6  lbs,  per  cu,  ft.  target  range  considered  acceptable  for  cushioning 
purposes.  However,  it  was  successfully  demonstrated  that  plastic  materials 
can  be  foamed  by  mechanical  means. 
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WADC  TR  58-223 

ASTIA  Document  No.  AD  205071 
OTS  Release 


November  1958 


SUBJTSCTi  TH^  CUSHION  FACT0R-STRT3SS  CURVE  AND  ITS  VALUE  FOR 

CLASSIFYING  AND  SELECTING  PACKAGE  CUSHIONING  MATERIALS 
INVESTIGATOR!  R,  K,  Stem 

CONTRACT!  PO  (33-600)53-4023 

CONTRACTOR!  Forest  Products  Laboratory 

ABSTRACT!  ’’Ciishlon  factor-stress*  cunms  have  been  considered  for 

use  in  solving  package  cushioning  problems  and  for  classifying  package 
cushioning  materials.  To  be  most  suitable  for  these  uses,  a  single  essen¬ 
tially  constant  curve  would  exiwess  the  compressive  efficiency  of  any 
specific  material  regardless  of  its  dimensions  or  loading  rate.  The  dynamic 
compression  test  data  derived  fran  this  work  showed  that  the  curve  for  at 
least  one  Important  material  varies  considerably  with  thickness,  and  the 
use  of  this  type  of  curve  is  considered  to  be  impractical.  The  report 
contains  data  for  the  compressive  efficiency  and  -mriability  of  four  common 
kinds  of  lockage  cushioning  materials  differing  in  thickness,  density, 
and  manufacturing  origin. 


WADC  TR  58-268  February  1959 

ASTIA  Document  No.  AD  209911 
OTS  Releaiae 

SUBJECT!  FIBERGLASS  CONTAINERS  FOR  J-57  ENGINE 

INVESTIGATOR!  Harry  B.  Keller 

CONTRACT!  AF  01(608)832 

CONTRACTOR!  Fairchild  Guided  Missiles  Division 

ABSTRACT!  Twenty  fiberglass  containers  were  manufactured  for  the 

Air  Force  to  serve  as  shipping  containers  for  the  J-57  jet  aircraft  engine. 
The  applicaticm  of  fiberglaiss  for  this  pwpose  has  proved  successful  with 
the  exception  of  a  liner  sealing  problem.  Ibe  fiberglass  container  assembly 
\reighs  approximately  50^  less  than  its  metal  counterpart,  and  testing  has 
proved  it  to  be  rugged  enough  to  withstand  the  rough  handling  it  may 
receive  in  shipment, 

Ihe  container  consists  of  two  shells,  upper  and  lower, 
with  the  basic  construction  utilizing  jiLies  of  bidirectional  roving  fabric 
Impregnated  with  polyester  resin.  The  sealing  liner  is  made  of  rigid  vinyl, 
thermopLastlcally  drawn  under  vacuum  into  the  shells.  Provisions  have  been 
incorporated  for  fork  lift,  cable  hoisting,  rollover  and  stacking  of  the 
containers  three  high  while  in  storage. 
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WADC  TR  58-601 

ASTIA  Document  No.  AD  211913 

OTS  Release 


April  1959 


SIBJECT*  MATOIALS,  TECHNIQUES,  AND  ECONOMICS  OF  FOAMED-IN- 

PLACE  POLTDRETHANE  CUSHIONING  FOR  PACKAGING 
INVESTIGATOR:  Sidney  Childers 

ABSTRACT:  This  report  describes  an  investigation  into  various 

aspects  of  foaming-in-place  molded  shapes  of  polyurethane  cushioning 
material.  The  chemistry  of  the  foam  reactions  and  the  foam  systems  are 
described.  The  aging  characteristics  of  the  materials  and  the  effect 
on  metals  and  humidity  indicators  of  the  vapors  given  off  during  foaming 
are  discussed.  Various  facts  about  foaming  methods  and  equipment  are 
presented. 


Of  the  foaming  techniques  investigated,  it  was  found 
that  completely  premolding  or  a  combination  of  premolding  and  foaming 
into  the  container  was  the  best  technique.  It  was  also  found  that  one 
can  create  molds  by  utilization  of  simple  methods  and  low  cost,  reusable 
materials,  such  as  hot  melt  plastics. 

The  cost  of  creating  the  molded  shape  is  shown  to  be 
less,  in  most  cases,  than  the  present  practise  of  procuring  molded 
curled  hair  shapes. 


WADC  TR  58-639  March  1959 

ASTIA  Document  No.  AD  201227 
OTS  Release 

SUBJECT:  INVESTIGATION  OF  DESIGN  CRITERIA  FOR  CUSHIONING 

MATERIALS 

INVESTIGATOR:  Stewart  M.  Krakover,  l/Lt 

Albert  Olevitch 

ABSTRACT:  This  report  discusses  the  properties  of  cushioning 

materials  significant  for  purposes  of  package  cushioning  design.  Acceler¬ 
ation-static  stress  curves  are  the  required  dynamic  property.  It  is 
shown  that  the  minimum  points  of  such  curves  reflect  the  most  efficient 
operation  of  the  cushioning  materials.  The  other  properties  of  signifi¬ 
cance  are  the  static  stress-strain  and  creep  characteristics. 

Examples  of  the  application  of  the  significant  properties 
in  designing  package  cushioning  are  presented.  The  economic  aspects  of 
utilizing  cushioning  materials  are  dependent  on  knowledge  of  these 
properties  and  a  formula  relating  cost  to  the  significant  properties  is 
presented. 
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The  report  also  presents  some  design  data  <mi  several 
different  materials  commonly  available  and  the  procedures  for  securing  the 
design  data*  The  report  essentially  is  a  text  on  the  properties  of  cushioning 
materials  and  the  design  of  package  cushioning* 


PLASTICS.  STRUCTURAL 


WADC  TR  52-183,  Sup  6  October  1958 

ASTI A  Document  No.  AD  203784 

SUBJECT  J  ANNUAL  REPORT  ON  RESEARCH  FOR  USE  IN  ANC-17  HANDBOOK 

"PLASTICS  FOR  FLIGHT  VEHICLES" 

INVESTIGATOR J  Donald  G.  Coleman 

CONTRACTS  AP  33(6l6)-56-9 

CONraACTOR;  Forest  Products  Laboratory 

ABSIRACT!  Developments  in  the  program  of  research  in  plastics  for 

flight  vehicles  conducted  the  U.  S,  Forest  Products  Laboratory  during 
fiscal  year  1958  are  summarized.  The  approach  has  been  in  general  to  derive 
criteria  mathematically  and  then  to  check  by  test,  Ihree  technical  reports 
issued  during  the  fiscal  year  are  abstracted. 


WADC  TR  53-185,  Part  5  April  1959 

ASTIA  DOCWIENT  NO.  AD  212m 

SUBJECTS  A  STUDY  OF  EROSION  OF  AIRCRAFT  MATERIALS  AT  HIGH  SPEEIB 

IN  RAIN 

INVESTIGATORS  Roy  R.  Lapp 

Raymond  H.  Stutsman 
Norman  E.  Wahl 
CONTRACTS  AF  33(6l6)-5455 

CONTRACTORS  Coi*nell  Aeronautical  Laboratory,  Inc. 

ABSTRACTS  This  final  report  summarizes  the  results  of  ccanparative 

rain  erosion  tests  on  various  types  of  materials  for  aircraft.  The  tests 
were  conducted  on  the  whirling  am  test  apparatus  which  simulates  high  speed 
flights  through  rain  under  controlled  conditions.  Flat  and  airfoil  specimens 
fabricated  from  plastics  or  metals,  with  and  without  coatings,  as  well  as 
ceramic  materials  were  mounted  on  the  leading  edge  of  the  whirling  arm  and 
evaluated  for  erosion  resistance  at  500  mph  in  1  in/hr  rainfall. 
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In  the  tests  on  elastomeric  coatings,  an  anti-static 
radome  coating  system  developed  by  the  Gates  Ehgineering  Company  was  recom¬ 
mended  for  approval  under  Class  II  of  Specification  MIL-C-7439B.  The 
coating  system  consisted  of  N-15  primer,  N-79  neoprene  and  a  thin  Gates 
anti-static  surface  coating. 

In  another  group  of  tests  it  was  observed  that  the 
erosion  resistance  of  neoprene  coatings  approved  under  Class  I  of  the  speci¬ 
fication,  was  significantly  lower  after  exposure  to  gamma  radiation  at 
dosage  levels  of  5  to  35  megareps. 

Preliminary  tests  indicate  that  the  erosion  resistance 
of  standard  neoprene  coatings  was  increased  about  three-fold  when  the 
neoprene  was  treated  with  an  antiozonant  solution,  however,  it  is  question¬ 
able  whether  this  treatment  of  neoprene  coatings  would  be  practical  for  use 
under  service  conditions  because  the  neoprene  becomes  soft  and  sticky. 

Weathering  tests  in  Florida,  Panama  and  Wisconsin  indi¬ 
cated  that  the  erosion  resistance  of  standard  Goodyear  23-56,  Gaco  N-79 
neoprene  coatings  and  an  experimental  white  radome  coating  developed 
Gates  Engineering  Company  were  reduced  substantially  at  each  location 
after  one  year  outdoor  exposure. 

Initial  studies  indicate  that  the  rain  erosion  resistance 
of  recently  developed  thermoplastic  polycarbonate  laminates  is  better  than 
polyester  or  epoxy  laminates. 

In  collaboration  with  the  National  Bureau  of  Standards, 
various  tests  were  conducted  to  study  the  mechanic  of  rain  erosion  and  to 
improve  the  erosion  resistance  of  currently  used  materials. 

Methods  of  trying  to  combine  the  water  of  crystallization 
of  chrysotile  asbestos  fibers  so  as  to  improve  the  strength  retention  of 
laminates  exposed  to  temperatures  of  900®  -  1000®F  were  investigated.  In 
general,  most  asbestos  fiber  treatments  tended  to  degrade  the  fiber  making 
them  brittle  and  lower  in  strength.  In  this  work  it  was  found  that  the  use 
of  silane  finishes  A-llOO  and  A-172  on  9526  asbestos  felt  gave  laminates 
with  higher  flexural  strength  at  room  temperature  when  used  with  DC-21Q4 
and  DC-2106  silicone  resins. 


WADC  TR  5>192,  Part  12  July  1958 

ASTIA  Document  No.  AD  155756 

SUBJECT:  MECHANISM  OF  RAIN  EROSION,  PART  12.  PITS  IN  I'ETALS 

CAUSED  BY  COLLISION  WITH  LIQUID  DROPS 
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INVESTIGATOR!  Olive  G.  Engel 

CONTRACT!  AF  33(6l6)-57-12 

CONTRACTOR!  National  Bureau  of  Standards 

ABSTRACT!  An  eqtiation  is  presented  that  may  provide  a  means  of 

predicting  corresponding-velocities-for-equal-pit-depth  for  collisions  of 
metal  specimens  with  drops  of  mercury  and  with  drops  of  water.  The  purpose 
for  determining  such  corresponding  velocities  is  to  provide  a  relatively 
low  velocity  test  using  high  density  liquid  drops  to  determine  the  ability 
of  materials  of  this  kind  to  withstand  damage  as  a  result  of  collision  with 
waterdrops  at  very  much  higher  velocities* 


WADC  TR  55-186,  Part  4  June  1958 

ASTIA  Document  No.  AD  155647 

SUBJECT!  ASBESTOS  FIBER-REINFORCED  PLASTIC  LAMINATES 

INVESTIGATOR!  Charles  L.  Rohn 

CONTRACT:  AF  33(6l6)-2257 

CONTRACTOR:  Johns-Manville  Corporation 

ABSTRACT:  The  use  of  short  fiber  asbestos  paper  as  a  reinforcement 

in  low  pressure  laminating  resins  has  been  investigated.  The  resvilts  of 
this  investigation,  based  primarily  upon  mechanical  properties  of  laminates 
at  room  temperature,  are  recorded  in  ¥ADC  Technical  Reoorts  55-186,  Parts 
I,  II,  and  III. 

The  context  of  this  report,  a  continuation  of  the  former 
investigation,  emphasizes  high  temperature  strength  properties  and  strengths 
of  the  laminates  after  exposure  to  wet  conditions,  A  specific  heat-resistant 
phenolic  resin  combined  with  the  same  asbestos  reinforcement  was  used  in 
this  study. 

The  optimum  strength  properties  of  these  asbestos  laminates 
are  dependent  upon  the  fabricating  techniques  used.  Variables  suck  sis 
laminating  pressure,  time  and  temperature,  pre-  and  post-cure,  and  resin 
content  have  considerable  effects  upon  the  final  properties  of  the  laminate. 
Most  of  these  techniques  were  developed  during  earlier  work  on  asbestos 
laminates  and  were  adopted  for  this  investigation. 


WADC  TR  57-182  September  1958 

ASTIA  Document  No,  AD  155884 

SUBJECT:  PROPERTIES  OP  ALKYD-ISOCYANATE  FOAMED-IN-PLACE  CORE 

iru/ESTIGATOR:  P.  M,  Jenkinson 

E.  W.  Kuenzi 

CONTRACT:  DO  33(616)56-9 

CONTRACTOR:  Forest  Products  Laboratory 
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ABSTRACT:  This  report  presents  the  results  of  flatwise  compression, 

flatwise  tension,  shear,  and  a  few  flexure  tests  of  sandwich  consisting  of 
facings  of  0,03-inch- thick,  glass-fabric  laminate  with  a  core  of  0,50-inch- 
thick,  alkyd-isocyanate  foam.  Test  specimens  and  methods  of  test  are 
described.  Mechanical  properties  were  evaluated  at  75°  and  160°  F,  for 
cbres  with  densities  of  10  and  20  pounds  per  cubic  foot.  These  properties 
are  presented  in  tables  1  and  2,  Core  strength  decreased  markedly  as 
temperatures  increased.  Flatwise  compressive  strength  at  l60°  F,  was  only 
60  percent  of  that  at  75°  F,  Exposure  of  the  core  to  high  humidity  reduced 
the  modulus  of  elasticity  to  60  percent  of  the  normal  value,  Flatvd.se 
compression  stress-strain  curves  show  that  stresses  at  2  percent  core  strain 
were  about  three-fourths  those  obtained  at  10  percent  head  movement.  The 
results  of  tests  to  determine  moisture  sorption  and  dimensional  change  for 
core  material  immersed  in  water  and  for  core  material  exposed  to  100  percent 
relative  humidity  at  100°  F,  are  also  included.  Curves  illustrate  the 
variation  of  percentage  changes  of  these  properties  with  time.  Moisture 
sorption  as  much  as  2,5  percent  and  changes  in  dimensions  up  to  1,2  p'^rcent 
were  observed  for  the  core  exposed  to  high  humidity. 


WADC  TN  58—222  October  1958 

ASTIA  Document  No,  AD  203526 


SUBJECT:  EVALUATION  OF  TBE  SPLIT-LINE  OPTICAL  DISTORTION  TEST 

METHOD 

INVESTIGATOR:  Robert  N.  Smith,  Captain,  Technical  Photographic  Division 

John  R,  Meyer,  l/Lt, 

ABSTRACT:  The  results  of  an  evaluation  of  the  split-line  technique 

for  photographically  determining  optical  distortion  in  aircraft  transparencies 
are  presented.  These  results  show  that  the  split-line  method  is  not  opera¬ 
tionally  simple,  is  unreliable,  and  biased.  The  time  consuming  task  of 
evaluating  a  photograph  for  split  lines  would  probably  more  than  offset 
any  gain  obtained  by  devising  a  set-up  for  fast,  routine  operation. 


Since  the  final  acceptance  of  a  transparency  is  by 
visual  Inspection,  it  is  concluded  that  the  most  necessary  item  to  be 
determined  is  a  criterion  of  acceptance  on  the  basis  of  visual  examination. 


WADC  TR  58-285 

ASTIA  Document  No.  AD  202500 


October  1958 


SUBJECT: 

INVESTIGATOR: 


DEVELOPMENT  OF  HIGH  MODULUS  FIBERS  FROM  HEAT 
RESI-STANT  MATERIALS 
Albert  H.  Lasday 
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CONTRACT!  AF  33(6l6)-5263 

CONTRACTOR!  Houze  Class  Corporati<m 

ABSTRACT!  This  report  deals  with  the  developnent  of  new  ilass  fiber 

forming  compositions  in  order  to  produce  high  temperature  continuous  fiber 
monofilaments  having  high  modulus  of  elasticity  and  strength.  These 
properties  need  to  be  maintained  at  least  to  1000 ®F.  The  most  important 
objective  is  to  produce  a  glass  fiber  whose  elastic  modulus  divided  by  specific 
gravity  is  at  least  9  million  psi. 

In  order  to  develop  such  a  glass  fiber,  the  realm  of 
metal  oxide  compositions  melting  at  temperatures  beyond  3,000®F  must  be 
investigated  since  the  ccmposition  variables  below  3,000®F  (the  region  of 
conventional  refractories  and  glass  melting)  already  have  been  well  explored. 
Furthermore,  several  high  melting  temperature  oxides,  some  known  to  be  glass 
producers,  are  also  high  modulus  materials  in  bulk  poly crystalline  form, 

Fiberization  of  these  high  temperature  melting  materials 
involves  the  developnent  of  new  techniques.  Two  promising  approaches  have 
been  developed.  In  the  first,  a  glass  rod  of  the  high  melting  composition 
was  made  by  dropping  molten  glass  from  a  batch  rod  melting  in  a  ring  burner 
into  a  graphite  mold.  This  glass  rod  was  then  heated  inside  a  tubular 
graphite  susceptor  in  an  inductor  coil,  and  when  the  glass  reached  the  right 
temperature,  a  fiber  could  be  drawn.  The  second  approach  Involves  drawing 
a  fiber  from  a  horizontal  refractory  cone,  made  of  the  same  material  as  the 
batch  rod.  The  cone  is  also  heated  in  a  graphite  inductor.  Molten  glass 
droplets  are  melted  from  a  batch  rod  using  a  ring  burner  and  allowed  to 
drop  onto  a  concave  cup  in  the  upper  surface  of  the  cone. 

Using  an  alumino-silicate  composition  based  on  kaolin, 
test  fibers  were  made  which  gave  indication  of  high  elastic  modulus.  Some 
fibers  tested  as  high  as  19  million  psi,  although  the  data  exhibits  great 
scatter  due  to  the  crude  way  in  which  fibers  were  prepared. 


WADC  TR  58-298  October  1958 

ASTIA  Document  No,  AD  203643 


SUBJICT!  IXPMRATORY  INVESTIGATION  OF  INORGANIC  FIBER  REINFORCED 

INORGANIC  LAMINATE  FINAL  REPORT 


INVESTIGATOR!  George  l-fergo 

CONTRACT!  AF  33(6l6)-5251 

CONTRACTOR!  Goodyear  Aircraft  Corporaticn 

ABSTRACT!  Since  the  upper  temperature  limit  of  fiber-reinforced, 

organic-  or  silicone-bonded  laminates  is  approximately  650  F  for  long  time 


exposure,  this  program  was  initiated  to  explore  the  potential  of  inorganic 
materials  for  extending  the  thermal  limit  of  structural  laminates.  The 
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evaluation  was  based  on  the  fabrication  and  testing  of  laminates®  Glass 
and  asbestos  were  used  as  the  primary  reinforcement,  but  some  preliminary 
work  was  done  with  a  high-silica  glass®  The  cements  evaluated  included 
sodium  silicate,  potassium  silicate,  calcium  aluminate,  polymeric  silicic 
acid  sol,  magnesium  oxysifLphate,  ethyl  silicate,  and  aluminum  phosphate. 

This  report  describes  the  fabrication  and  testing  of  the 
laminates  and  includes  a  tabulation  of  laminate  properties  and  test  results. 
The  main  objective  was  the  development  of  a  laminate  of  structural  integrity 
that  would  meet  a  stated  target  fiex^iral  strength  at  1000  deg  F  after  10  hr 
at  1000  deg  F,  Although  good  structures  were  produced,  it  was  determined 
that  improvements  in  both  reinforcement  and  cement  are  necessary  to  achieve 
the  program  goals® 


WADC  TR  58-356  October  1958 

ASTI A  Document  No.  AD  202503 

SUBJECT:  FIBER-RESIN  BOND  IN  REINFORCED  PLASTICS 

INVESTIGATOR:  Charles  B,  Norris 

James  T.  Heller 
CONTRACT:  DO  33(616)56-9 

CONTRACTOR:  Forest  Products  Laboratory 

ABSTRACT:  A  technique  is  developed  for  determining  the  rigidity 

of  the  bond  between  reinforcing  strands  of  glass  fibers  and  the  resin  in 
which  they  are  embedded.  This  technique  involves  a  method  of  accurate 
determination  of  the  tensile  stiffness  of  the  strands;  a  method  of  casting 
smaill  beams  of  resin  reinforced  with  glass  strands  that  are  concentrated 
near  one  edge;  an  accurate  method  of  testing  such  beams  centrally  loaded  so 
as  to  induce  shear  between  the  strands  and  the  resin;  and  a  method  of 
calculating  the  shear  force  on  the  strands,  the  bending  stiffness  from  the 
test,  and  the  expected  bending  stiffness  if  the  bond  is  infinitely  rigid. 
Comparison  between  the  calculated  stiffness  of  the  beam  and  its  test  value 
in  bending  yields  a  measure  of  the  shear  rigidity  of  the  bond  between  the 
strands  and  the  resin. 

This  technique  is  described  in  detail,  and  some  results 
are  given  for  Epon  828  resin  reinforced  with  glass  strands  that  consist 
of  204  individual  filaments,  each  about  0,00038  inch  in  diameter.  The 
filaments  were  finished  with  starch-oil  or  A-llOO  finish  or  heat-cleaned® 


WADC  TR  58-486  March  1959 

ASTI A  Document  No.  AD  210225 

SUBJECT:  EFFECTS  OF  VARIOUS  METHODS  OF  WET  CONDITIONING  ON  THE 

STRENGTH  PROPERTIES  OF  SEVERAL  GLASS-FABRIC-REINFORCED 
PLASTIC  LAMINATES 
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INVESTIGATOR 5 


Bert  P.  Munthe 
Robert  L,  Youngs 
CONTRACT!  DO  33(6l6)-58-l 

CONTRACTOR!  Forest  Products  Laboratory 

ABSTRACT!  This  report  presents  the  results  of  tests  to  emluate  the 

effects  of  various  types  and  durations  of  wet  exposure  on  the  tensile, 
ccmpressive,  and  flexural  properties  of  epoxy,  polyester,  phenolic,  and 
silicone  laminates  reinforced  with  181  glass  fabric  that  had  various  types 
of  fabric  finish.  The  tests  were  made  after  normal  conditioning  and  after 
various  periods  of  wet  exposure.  Met  conditions  used  were  (l)  immersion 
in  water  at  73 ®F,,  (2)  exposure  to  an  atomosphere  at  100®  F,  and  approx¬ 
imately  100  percent  humidity,  or  (3)  boiling  in  water. 

Tensile  strengths  were  reduced  about  equsQ-ly  by  30  days 
in  water  at  73®  F.  or  by  2  hours  in  boiling  water.  Compressive  strengths 
were  reduced  about  the  same  amount  by  either  2  hours  in  boiling  water,  30 
days  in  water  at  room  temperature,  or  30  days  at  high  humidity.  Modulus 
of  rupture  was  reduced  about  equally  by  equal  p-^riods  of  immersion  in  water 
at  room  temperature  or  exposure  to  high  humidity  at  100®  F,  At  either  of 
these  conditions,  the  reduction  after  30  days  was  generally  similar  to  that 
observed  after  exposure  in  boiling  water  for  l/2  or  1  hour  ,  but  was  generally 
less  than  that  observed  after  exposure  for  2  hours  in  boiling  water. 

The  various  laminates  differed  considerably  in  their 
response  to  the  various  wet  exposure  conditions.  However,  the  results 
indicate  that  a  2-hour  wet  exposure  in  boiling  water  is  a  reasonable  sub¬ 
stitute  for  the  standard  30-day  immersion  in  water  at  room  temperature. 

Any  discrepancy  is  likely  to  be  on  the  conservative  side,  with  greater 
strength  reduction  after  the  2-hotir  period  in  boiling  water  than  a  fter 
30  days  in  water  at  rocm  temperature. 


WADC  TR  58-555  April  1959 

ASTI A  Document  No.  AD  212560 

SUBJECT!  REVIEW  OF  STRUCTURAL  PLASTICS 

INVESTIGATOR!  Robert  C.  Tomashot 

ABSraACTi  This  report  is  a  compilation  of  papers  presented  at  the 

Wright  Air  Development  Center-University  of  Dayton  joint  review  on  Struc¬ 
tural  Plastics,  10  -  11  September  1958,  Dayton,  Ohio,  The  papers,  for  the 
most  part,  reviewed  work  conpleted  or  in  progress  under  Materials  Laboratory 
research  and  development  contracts. 
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WADG  TR  58-618 

ASTIA  Document  No.  AD  212905 


April  1959 


SUBJECTS  QUALITY  IMPROWIUNT  IN  GLASS=FIBER-REINFORCED  PLASTIC 

STRUCTURAL  DIELECTRICS  FOR  KIGB-FREQUENCY  ANTENNAS 
INVESTIGATOR;  Henry  J.  Sang 

CONTRACT;  AF  33(6l6)-3997 

CONTRACTOR:  Stanford  Research  Institute 

ABSTRACT;  An  accelerated  version  of  the  Rangoon  test  condition, 

simulating  a  humid  tropical  climate,  was  developed  for  plastic  laminates. 
Foinr  different  types  of  material  were  evaluated  in  the  Rangoon  condition 
and  in  eighteen  different  accelerated  conditions.  The  best  of  the  acceler¬ 
ated  conditions  was  AR-9,  which  produced  in  twelve  days  effects  similar  to 
those  produced  by  the  Rangoon  test  in  120  days.  The  AR-9  test  condition 
is  recommended  as  a  replacement  for  the  present  water-immersion  and  boil 
tests. 

An  exploratory  study  was  made  of  quality  control  of 
Vibrin  136  A  resin  for  high- temperature  use.  Twenty- three  different  var¬ 
ieties  of  laminate  were  made  and  tested  for  strength  and  strength  retention 
at  500 °F.  The  strength  properties  were  found  to  vary  greatly  with  the 
manner  of  processing  and  curing.  Representative  varieties  of  laminate 
were  resistant  to  deterioration  in  the  accelerated  Rangoon  condition. 

The  most  critical  aspect  of  the  resin  is  its  tendency  to  blister  during 
post-curing;  until  this  problem  is  solved,  effective  quality  control 
cannot  be  secured.  The  best  laminate  made  had  a  strength  of  42,700  psi 
in  flexure  at  500  °F  eifter  192  hours  aging  at  500 ®F, 


WADG  TR  58-668  May  1959 

ASTIA  Document  No.  AD  214423 

SUBJECT;  EVALUATION  OF  LA.MINATES  REINFORCED  WITH  CHEMICALLY 

CLEANED  AND  FINISHED  LOW-DIELECTRIC  GUSS  FABRIC 
INVESTIGATOR;  Gordon  K.  Stevens 

CONTRACT;  DO  33(6l6)-58-l 

CONTRACTOR;  Forest  Products  Laboratory 

ABSTRACT:  This  report  presents  evaluations  of  mechanical  and 

electrical  properties  of  laminates  reinforced  with  181  glass  fabric  that 
had  been  chemically  cleaned  before  finish  was  applied.  Each  laminate  was 
made  of  Paraplex  P-43  resin  reinforced  with  (l)  i8l-Volan  A  standard  "E'* 
glass  fabric,  (2)  181-Volan  A  low-dielectric  glass  fabric,  (3)  181-Garan 
low-dielectric  glass  fabric,  or  (4)  181-NOL  24  lov-r-dlelectric  glass  fabric. 
The  mechanical  properties  of  2  epoxy  laminates  of  Epon  828  resin  and  181- 
Volan  A  glass  fabric  —  one  of  standard  '‘E”  glass  and  the  other  of  low^ 
dielectric  glass  —  were  also  evaluated. 
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Laminates  reinforced  with  chemically  cleaned  low- 
dielectric  glass  fabric  were  lower  in  mechanical  properties  than  similar 
laminates  reinforced  with  heat-cleaned  glass  fabric.  The  polyester 
Volan  A  laminates  of  chemically  cleaned  low-dielectric  glass  fabric  were 
between  50  and  60  percent  as  strong  as  the  corresponding  laminates  of 
heat-cleaned  low-dielectric  glass  fabric.  The  strength  ratio  of  the 
epoxy  laminates  was  between  70  and  85  percent.  A  polyester  laminate 
made  of  chemically  cleaned  low-dielectric  glass  fabric  had  about  30  to 
45  percent  of  the  strength  of  the  comparable  laminate  made  of  heat- 
cleaned  "'5^"  glass  fabric.  The  strength  of  the  heat-cleaned  low-dielec¬ 
tric  laminate,  however,  was  50  to  85  percent  of  that  for  the  laminate  of 
heat-cleaned  ”8"  glass  fabric.  The  polyester  laminate  reinforced  with 
chemically  cleaned  '‘T'*  glass  fabric  was  2  and  11  percent  stronger  in 
tension  and  compression,  respectively,  and  5  to  13  percent  weaker  in 
dry  and  wet  flexural  strength,  than  the  similar  laminate  of  heat-cleaned 
glass  fabric. 


Ccanparative  values  from  l81-¥olan  A  polyester  laminates 
indicate  that  laminates  made  with  chemically  cleaned  fabric  have  poorer 
electrical  properties  than  comparable  laminates  made  with  heat-cleaned 
fabric.  The  dielectric  constants  were  about  10  percent  greater  and  the 
loss  tangents  4  to  6  times  as  large  for  the  laminate  of  chemically 
cleaned  low-dielectric  glass  fabric.  The  dielectric  constants  were 
about  15  to  25  percent  larger  for  laminates  of  standard  glass  fabric 
than  for  laminates  of  comparable  low-dielectric  ^ass  fabric.  The  loss 
tangents  for  laminates  of  chemically  cleaned  low  dielectric  glass  fabric 
were  3  to  4  times  those  for  laminates  of  both  heat-cleaned  and  chani- 
cally  cleaned  glass  fabric.  The  loss  tangents  for  laminates  of  heat- 
cleaned  low-dielectric  glass  fabric,  however,  were  about  30  percent 
lower  than  those  for  laminates  of  glass  fabric.  The  dielectric 
constants  were  3  percent  lower  and  the  loss  tangents  about  20  percent 
lower  for  laminates  of  heat-cleaned  ’’E"  glass  fabric  than  for  laminates 
of  chemically  cleaned  '’E'*  glass  fabric. 
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POLYMERS  AJNID  SYNTHESIS  STUDI?.S 


WADC  TR  55-221  Part  5  April  1959 

ASTI A  Document  No«  AD  212902 

SUBJT=:CTs  FLUORINE-CONTAINING  CONDENSATION  POLYIfERS  AND  RESINS 

INVESTIGATOR;  Carl  J.  Verbanic  Edward  V,  Gouinlock 

David  Knutson  G.  Thomas  Bean 

John  E.  Wier 

CONTRACT;  AF  33(6l6)-5548 

CONTRACTOR;  Hooker  Chemical  Corporation 

ABSTRACT;  The  ultimate  goal  of  the  investigations  described  is 

the  determination  of  the  effect  of  fluorine  and  fluorine  content  on  the 
thermal  and  oxidative  stability  of  unsaturated  polyester  laminating  resins. 
An  additional  function  is  to  aid  in  the  investigations  of  the  perfluorinated 
amadine  polymers  currently  of  interest  to  Wright  Air  Development  Center. 

Polyesters  and  polyester  resin  laminates  have  been 
prepared  using  fluorinated  glycols  as  a  component  of  the  polyester.  The 
laminates  have  been  aged  at  elevated  temperatures  and  physical  properties 
measured  before  and  after  aging.  Comparison  of  these  aging  results  with 
polyesters  containing  hydrocarbon  glycol  components  of  the  same  carbon  chain 
length  indicate  a  noticeable  improvement  in  retention  of  physical  properties 
of  the  fluorinated  materials  over  the  hydrocarbon  analogues. 

The  report  also  describes  the  research  performed  on  the 
preparation  of  certain  fluorine-containing  compounds  for  use  as  starting 
materials  for  the  preparation  of  polyesters  and  cross-linking  monomers. 

A  new  and  improved  synthesis  of  perfluoroglutaronitrile 
is  described  and  efforts  to  improve  the  yields  of  the  dehydration  of  per- 
fluoroglutaramide  are  given. 

Research  on  the  synthesis  of  certain  novel  or  unusual 
fluoride-containing  intermediates  considered  desirable  for  polymerization 
in  this  project  was  performed  at  Purdue  University  under  sub-contract  to 
Hooker  Chemical  Corporation.  Details  of  the  syntheses  performed  at  Purdue 
during  the  contract  year  comprise  Appendix  I  of  this  report. 

WADC  TR  56-203  Part  III  May  1958 

ASTI A  Document  No.  AC  155525 

SUBJECT;  COORDINATION  P0LY^fERS 
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INV1STIGAT0R5  W.  Conard  Pemelius 

Maurice  Shanma 
Xi  •  A  •  Oavis 


B.  B,  Martin 
D.  P,  Martin 
F,  D.  Thomas,  II 


D,  P,  Goldberg 
CONTRACT I  AF  33(6l6)-2742 

CONTRACTOR;  The  Pennsylirania  State  University 

ABSTRACT;  As  part  of  a  study  of  the  influence  of  structural  imria- 

tion  on  the  properties  of  bis ^-dike tones )  and  their  metal  derivatives, 
compounds  of  the  following  twes  have  been  prepared;  (l)  RCOCH2CO-Y- 
COCHgCOR,  (2)  |r>C0)(RC0)-c32CHR''  and  (3)  (RCO)  (R»CO)CH-Y-CH(COR' )  (COR) . 
The  methods  of  syntheses  of  these  compounds  have  been  studied.  Compounds 
of  types  (2)  and  (3)  offer  the  best  promise  of  obtaining  wide  structural 
variation.  Efforts  to  obtain  bis-4^diketones)  containing  fluorine  atoms 
have  failed,  although  some  of  the  methods  used  have  been  successful  when 
applied  to  other  systems.  The  infrared  and  ultraviolet  absorption  spectra 
of  various  bis  (^diketones )  have'  been  obtained. 


Various  modifications  of  the  polymerization  teclmiques 
are  being  studied  in  an  attempt  to  obtain  high-molecular-weight  pol3rmers 
from  the  bis ^-diketones ) ,  Methods  for  fractionally  separating  polymers 
in  order  to  get  some  idea  of  size  distribution  promise  to  be  successful 
with  the  bis ^-dike tone )-metal  polymers. 


The  Fries  rearrangement  of  di-£-tolyl  esters  has  been 
studied  as  a  means  of  preparing  bis  (^hydroxyketones ) ,  As  a  result,  dl-p- 
tolyl  esters  have  been  prepared  from  succinic  acid  through  and  including 
sebacic  acid,  diglycolic  acid,  and  phthalic,  isophthalic  and  terephthalic 
acids. 


The  esters  from  succinic  acid  through  and  including 
sebacic  acid  were  successfully  rearrnaged  (Fries  rearrangement)  to  their 
corresponding  bis- (o-hydroxyke tone) ; 


where  n  equals  2  to  8,  The  rearrangement  was  unsuccessful  for  di-£-tolyl- 
diglycolate.  The  rearrangement  of  the  di-£-tolyl  esters  of  isophthalic  and 
terephthalic  acids  led  to  the  formation  of  their  corresponding  bis  (o-hydroisqr- 
ketones).  Attempted  rearrangement  of  di-£-tolyl  phthalate  resulted  in  the 
formation  of  l-hydroxy-S-methylanthraquinone,  The  infrared  absorption 
spectra  of  the  various  bis (ft-hydroxyketones )  have  been  obtained. 
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In  an  attempt  to  prepare  5-acyl  compounds  of  8-hydroxy- 
quinoline  by  the  Fries  rearrangement  of  B-hydroxyquinoline  esters,  the 
following  esters  were  prepared:  8-hydroxyquinolylacetate,  propanoate, 
butanoate,  benzoate,  and  adipate.  The  Fries  rearrangement  of  the  8-hydroxy- 
quinoline  esters  was  unsuccessful. 

Preparation  of  5-acyl  derivatives  of  8-hydroxyquinoJlne 
by  means  of  the  Friedel-Crafts  reaction  (8-hydroxyquinoline,  acid  chloride, 
aluminum  chloride)  appears  qirlte  promising.  5-Acetyl-8-hydroxyquinoline 
has  been  prepared  in  2756  yield.  5-Benzqyl-8-hydroxyquinoline  and  5-propanoyl- 
8-hydroxyqviinoline  have  also  been  prepared. 


WADC  TR  57-143  Part  III  April  1959 

ASTIA  Document  No.  AD  212268 


SUBJECT:  DEVELOPMENT  OF  TKERMALLY  STABLE  SILICON  CONTAINING 

RESINS 

INVESTIGATOR:  L.  W.  Breed 

William  J.  Haggerty,  Jr. 

Fred  Baiocchi 


CONTRACT:  AF  33(6l6)-3675 

CONTRACTOR:  Midwest  Research  Institute 

ABSTRACT:  The  syntheses  and  evaluation  of  new  monomers  for  incor¬ 

poration  into  silicon  containing  resins  are  reported.  The  new  monomers, 
which  are  mostly  based  on  the  arylenedisilane  structure,  are  selected  for 
use  in  establishing  pol3nneric  units  capable  of  imparting  good  high  temper¬ 
ature  properties  to  silicone  resin  systems. 


The  new  monomers  include  compounds  vdiich  contain  two  or 
more  silicon  atoms  separated  by  various  space  groups.  Described  in  the 
report  are  the  following  compounds:  Me(EtO)2SiISi(EtO)2Me  where  Y  is 
-C^H^C^H/-,  -C^^H.CHp-,  and  -(CH^)^-.  Other  monomers  are  prepared  which 
have  different  substituents  on  the  organic  group  not  used  as  a  spacer. 

These  monaners  include  the  following:  Y^H,  (EtO)2SiC£,H^Si(EtO)2C^H^Y 
where  Y  is  H-,  C1-,  MeO-,  and  Me2N-.  Tne^method  of  synthesis  and  proper¬ 
ties  of  each  new  monomer  is  described  in  detail. 


Silicone-glass  fabric  laminates  are  described  which 
contain  disilylbenzene  monomers  and  have  improved  flexural  strengths  at 
temperatures  above  500 ®F.  The  results  of  screening  new  resins  and  invest¬ 
igating  the  composition  and  fabrication  parameters  in  these  new  resin 
systems  are  included.  These  results  are  obtained  by  a  procedure  which 
requires  relatively  small  amounts  of  experimental  resin. 
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¥ADC  TR  57-321  Part  III 
ASTIA  Doctment  No.  AD  213605 


May  1959 


SUBJECTS  SINTHISES  OF  POLYXILILILDIfflTHYLSimnS  AND 

POLYmiLlLTETRAl«Tm  SILOXANl 
INWSTIGATORs  Glenn  R,  Wilson  Richard  G.  Hetu 

Gretchen  M,  Hutsel  Arthur  G.  Smith 

CONTRACTS  AF  33(600)-32448 

CONTRACTORS  Ford  Motor  Company 

ABSTRACTS  "nxe  purpose  of  this  project  is  the  synthesis  of  a  series 

of  poly-£-3Qrlylyldimethylsilanes  and  poly-g-sylylyltetramethylsiloxanes 
for  evaluation  as  high  temperature  lubricants  and/or  hydraulic  fluids. 

At  the  time  of  the  last  annual  report  (WADC  TR  57—321, 

Part  II),  and  after  numerous  unsuccessful  attempts  to  prepare  the  basic 
bxiilding  unit,  bis  (triinethylsllyl)-£-:^lylene,  of  these  proposed  polymers, 
a  successful  procedure  was  developed  while  investigating  the  preparation  of 
the  meta  isomer.  As  a  result  we  were  able  to  prepare  the  o-,  m-,  and 
^-isomers  of  bis  (trimethylsilyl)  xylylene  and  by  the  same  technique  a 
difunctional  intenaediate,  bis  (dlmethylchlorosilyl)-£-xylylene  that  could 
be  used  for  preparing  the  polysilane  or  polysiloxane# 

Synthesis  of  the  polysiloxane  was  selected  as  the  first 
choice  due  to  the  fact  that  a  hcmogeneous-type  polymer  was  anticipated, 
whereas,  a  heteropolyi|eric  chain  was  anticipated  in  preparing  the  polysilane 
due  to  the  undesirable  coupling  of  xylylene  dihalides  to  bibenzyl  moieties 
in  the  reaction. 

Several  small-scale  polymerizations  of  bis  (dimethyl- 
chlorosilyl)-£-xylylene,  in  the  presence  of  variable  quantities  of  trimethyl- 
chlorosilane,  with  water  were  carried  out  and  the  polymers  obtained  were  of 
relatively  low  molecular  weight,  ca,  700-1100,  Results  of  copolymerization 
with  £-bromophenyldimethylchlorosilane,  to  provide  analyzable  end  groups, 
indicated  that  the  polymer  contained  a  high  percentage  of  cyclic  polymer. 

Since  the  project  is  being  terminated,  a  series  of  runs 
for  pi'eparing  bis  (dimethylchlorosilyl)-^ylylene  were  made  an  I  the  yields 
combined  to  provide  a  sizeable  quantity.  Some  600  grams  of  the  intermediate 
has  been  prepared  and  polymerized  with  trimethylchlorosilane  to  provide  a 
sufficient  quantity  of  the  polysiloxane  for  evaluation, 

WADC  TR  58-160  June  1958 

ASTIA  Document  No.  AD  155675 

SUBJECT;  THE  AIR  FORCE  INORGANIC  POLYMER  PROGRAM 


WADC  TR  53-373  Sup  6 


126 


INVESTIGATOR:  Robert  L.  Rau,  l/Lt 

ABSTRACT:  The  purpose  of  this  report  is  to  critically  review  and 

evaluate  the  Air  Force  inorganic  polymer  program  carried  on  by  various 
organizations  under  contract  to  the  ffeterials  Laboratory,  Wright  Air 
Development  Center,  Air  Research  and  Development  Command, 

Because  of  the  thermal  limitations  of  "organic  polymers”, 
efforts  have  been  directed  toward  the  preparation  of  polymeric  materials 
having  varying  degrees  of  inorganic  character.  Various  boron,  nitrogen  and 
phosphorus  containing  polymers  have  been  investigated  in  addition  to 
coordination  polymers  and  those  incorporating  the  silicon-oxygen-metal 
bond. 


The  results  obtained  have  been  partially  successful. 
Boron-phosphorus  polymers  having  stabilities  eis  high  as  450®C  and  coordin¬ 
ation  polymers  stable  in  excess  of  360®C  in  air  have  been  prepared  by 
contractors,  although  they  did  not  have  useful  properties  due  to  low 
moleovilar  weights.  Continued  success  is  strongly  dependent  upon  the 
developmeht  of  methods  for  obtaining  high  molectiiar  weights,  as  well  as 
the  development  of  analytical  procedures  for  determining  molecular  weights 
for  these  types  of  polymers. 


WADC  TR  58-187  Part  I  July  1958 

ASTIA  Document  No.  AD  155737 


SUBJECT:  SYNTHESIS  AND  EVALUATION  OF  HIGH  TEMPERATURE  STABLE  AND 

NUCLEAR  RADIATION  STABLE  METAL-CICLOPENTADIENIL  FLUIDS 
INVESTIGATOR:  Robert  L.  Schaaf 

Kenneth  L.  Rinehart,  Jr, 


CONTRACT:  AF  33(6l6)-5053 

CONTRACTOR:  Vfyandotte  Chemicals  Corporation 

University  of  Illinois 

ABSTRACT:  In  a  search  for  fluids  suitable  for  use  as  Air  Force  high- 

temperature  hydraulic  fluids  and  lubricants,  four  l,l’-bis(3-sub3tituted-l, 

1.3.3- tetramethyldisiloxanyl)-ferrocenes  were  synthesized  from  cyclopentadiene 
via  cyclopentadienyldimethylchlorosilane  and  a  series  of  1-cyclopentadienyl- 
3-substituted-l,l,3,3-tetramethyldisiloxanes,  The  3-phenyl  ccanpound  possessed 
the  desired  thermal  stability  at  366 ®C  (690®F),  Other  previously  imreported 
ferrocenes  and  intermediates  synthesized  included  l,3-bis(cyclop>entadienyl)— 

1.1.3. 3- te tramethyldisiloxane ,  l,3“)l,l* -f err ocenylene )-l , 1 , 3 , 3-te tramethyl- 


disiloxane ,  l-cyclopentadienyl-3-chloro-l ,1,3, 3-tetramethyldisiloxane ,  and 
1-cyclopen tadienyl-5-phenyl-l ,1,3, 3, 5, 5-hexame thyldisiloxane • 
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Ixperiments  designed  to  elucidate  the  structures  of 
prodects  from  the  cond«isatlon  of  ferrocene  with  formaldehyde  and  benzalde- 
hyde  were  performed,  and  a  number  of  Intermediates  required  fca:  a  study  of 
the  formation  of  bridged  ferrocenes  were  synthesized* 

Additional  areas  of  Investigation  which  were  studied 
but  largely  without  success  included  the  syntheses  of  alkoxyoyclopentadlenes, 
the  prepeiration  of  3-methyl-l-ethylcyelopentadiene,  and  the  identification 
of  liquid  ferrocenes  by  means  of  adducts  of  ferrocenes  and  tetranitroflu<^ 
enone* 


WADC  TR  58-219  June  1958 

ASTIA  Document  No.  AD  155658 

SUBJTOTs  SYNTHESIS  OP  DIPtMCTIONAL  FRRROCINI  DERIVATIVES 

INVESTIGATOR;  Paul  D.  Shaw,  l/it  William  S.  Durrell, 

Dana  Mayo,  l^t  ^fron  Black,  2/Lt 

Ifervin  Rausch,  l/Lt  Dr,  A.  M,  Lovelace 

ABSTRACT;  This  program  \ma  undertaktti  to  Investigate  the  synthesis 

of  difunctional  ferrocene  compounds  for  use  as  monomers.  A  number  of  ferro¬ 
cene  diols  were  prepared.  Several  methods  for  ttie  synthesis  of  the  ferro¬ 
cene  carboxylic  acids  were  investigated.  An  improrod  synthesis  ctf  ferrocwis 
dicarboxylic  acid  hM  been  achieved  using  n-butyllithlum  in  a  solvent  system 
consisting  of  diethyl  ether  and  tetrahydrofuran. 


WADC  TR  58-377 

ASTIA  Document  No.  AD  207526 


January  1959 


SUBJECT;  RELATIONS  BETWEEN  STRUCTURE  AND  RADIATION  STABILITY  OF 

VARIOUS  ALKYL  AROMATIC  FLUIDS 
Josef  J,  E,  Schmidt  Francis  S,  Bonemo 

Don  N.  Gray  Jraes  G.  Fomonis 

AF  33(616)-5317 
Denver  Research  Institute 

The  effects  of  gamma  radiation  ft^om  a  Cobalt-^  radiatlm 
source  on  liquid  all^l  derivatives  of  biphenyl  and  terphenyl  compounds  have 
been  Investi^ted  and  the  type  and  yield  of  gaseous  deconposltlon  products 
determined.  The  counter-current  distribution  method  vas  found  to  be  the 
most  feasible  means  of  separation  of  liquid  IrrMiatioo  products. 


INVESTIGATOR; 

CONTRACT; 

CONTRACTOR; 

ABSTRACT; 


Al^l  substituted  diphenyl  and  polyphenyl  derlmtives 
show  a  relatively  high  radlaticm  stability.  The  influence  of  the  type  of 
alkyl  substiti^t  and  its  position  on  the  molecule  indicates  an  energy 
transfer  mechanism.  This  mechanism  is  to  be  investigated  in  more  detail  In 
the  remaining  research  period. 
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WADG  TR  58-382  Part  I 
ASTI A  Document  No.  AD  204215 


November  1958 


SUBJECT:  SYNTHESIS  AND  EVALUATION  OF  NEW  POLYMERS  PREPARED  BY 

STEREOSPECIFIC  CATALYSIS 
INVESTIGATOR:  Charles  G.  Overberger 

CONTRACT:  AF  33(60l)-5253 

CONTRACTOR:  Polytechnic  Institute  of  Brooklyn 

ABSTRACT:  Pure  cis  or  trans  3  and  4-methylvlnylcyclohexane  have 

been  prepared.  The  polymer  obtained  from  the  triisobutyl  aluminum-ti¬ 
tanium  tetrachloride  catalyzed  polymerization  of  3^ethylvinylcyclohexane 
was  crystalline.  Vinylcyclopentane  has  been  synthesized  and  polymerized 
with  a  triisobutyl  aluminum- titanium  tetrachloride  catalyst;  and  polyvin- 
ylcyclopentane  was  found  to  be  crystalline.  Methylenecyclohexane  and 
methylenecyclopentane  were  made,  and  these  olefins  failed  to  polymerize 
with  a  Ziegler-Natta  type  catalyst.  Methylenecyclobutane  was  synthesized  and 
polymerized,  apparently  with  some  ring  opening  with  a  Ziegler-Natta  type 
catalyst.  3,3»3-Trifluoropropene  was  prepared  and  failed  to  polymerize  with 
a  triisobutyl  aluminum- titanivnn  tetrachloride  catalyst.  The  preparation  of 
4,4,4-trifluorobutene»l  has  been  carried  out.  1, 4-Pen tadiene  was  obtained 
from  the  pyrolysis  of  1,5-pentamethylene  diacetate. 

A  kinetic  study  of  the  polymerization  of  vinylcyclohexane 
with  a  triisobutyl  aluminum-titanium  trichloride  catalyst  showed  that  both 
oxygen  and  water  effect  the  rate  of  polymerization.  Unit  cell  dimensions 
were  determined  for  crystalline  polyvinylcyclohexane  and  crystalline  polyvinyl- 
cyclopentane. 


WADC  TR  57-666  Part  I  June  1958 

ASTIA  Document  No.  AD  155685 
OTS  Release 

SUBJECT:  SELECTION  AND  EVALUATION  OF  RARE  OR  UNUSUAL  METALS  FOR 

APPLICATION  TO  ADVANCED  WEAPONS  SYSTEMS 
PART  I.  A  LITERATURE  SURVEY 
INVESTIGATOR:  Bernard  Love 
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COHTRACfi  IP  33(616)-5293 

CONraACTORs  Resaarch  Chemicals  Inc. 

ABSlRACf  s  A  surv^  has  been  made  of  the  unclassified  literature 

relating  to  the  rare  earth  elements,  hafnium,  rhodium,  and  ruthenium.  Bie 
best  available  data  has  been  compiled  for  the  abtuidance  and  distribution  of 
elements,  the  methods  of  recovery  frcm  ores  and  purification,  the  reduction 
to  metal,  and  the  idiysical,  chemical,  and  mechanical  p'operties  of  the 
elements  and  their  important  compounds. 


WADC  TR  57-666  Part  II  tech  1959 

ASHA  Document  No.  AD  211847 
OTS  Release 


SDBJTCTs  SHICTION  AND  IVALUATION  OP  RARE  OR  UNUSUAL  MRTALS 

PART  II.  THE  METALLURGY  OR  TTTRIlRf  AND  THE  RARE  EARTH 
METALS 


INTlSTIGATORs 
CONTRACT I 
CONTRACTORS 
ABSTRACTS 


Bernard  Low 
AT  33(616)-5905 
Research  Cher  deals  Inc. 

Sttdies  have  been  made  of  the  properties  of  yttrium  and 


the  rare  earth  metals.  These  haw  included  metallographic  studies,  oxidation 


and  corrosicsi  resistance  studies,  mechanical  property  determination  and 
studies  of  alloys  of  titanium  and  beryllium  ^th  rare  earth  additions. 


Improved  methods  for  the  production  of  pure  metals  are 
described,  A  complete  metallographic  procedure  has  been  developed.  Proce¬ 
dures  for  the  chemical  and  sj^ctrographic  ansOLysis  of  metals  and  allpys  are 
jMTovided  including  a  method  for  o^gen  analysis. 


Corrosion  studies  Include  determination  of  the  rate  of 
moisture  abSOTption  of  the  rare  earth  oxides  under  controlled  conditions  of 
taaperature  and  humidity,  and  determination  of  the  rate  of  atmospheric  cor¬ 
rosion  of  the  metals  in  dry  and  humid  atmos|dieras  at  35  and  95*^,  and  at  200, 
400,  and  600*^,  The  rate  of  a  tmospheric  conrosicn  was  found  to  vary  id-delyi 
from  europium,  a  fresh  surface  of  which  starts  to  oxidize  immediately  on 
exposure  to  air,  to  samarium  for  which  oxidation  was  very  slow  even  at  the 
elevated  temperatures. 


Mechanical  properties  of  cast  and  wrought  rare  earths 
are  presented  for  both  rocm  and  elevated  temperatures.  Tensile  properties 
vary  widely.  Yttrium  and  the  heavy  rare  eartte  appear  to  have  the  best 
mechanical  properties,  awi  maintain  a  considerable  percentage  of  room  temper¬ 
ature  strength  to  tmperatures  of  427*^  (800®F), 
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The  methods  of  preparation,  analysis,  and  examination  of 
titanium  and  beryllium  alloys  containing  up  to  10$  rare  earth  elements  are 
presented.  Tentative  partial  constitutional  diagrams  are  constructed.  Very 
low  solubility  was  found  except  for  lanthanum  which  had  an  indicated  solubility 
between  0.2  and  1.5  weight  percent. 


WADC  TR  55-58  Part  IV 
ASTIA  Document  No.  AD  206077 


November  1958 


SUBJECT:  A  STUDY  OF  THE  EFFECTS  OF  NUCLEAR  RADIATIONS  ON 

ELASTOMERIC  COMPOUNDS  AND  COMPOUNDING  MATERIALS 
INVESTIGATOR:  John  W.  Bom 

CONTRACT:  AF  33(6l6)-2308 

CONTRACTOR:  B.  F.  Goodrich  Company 

ABSTRACT:  The  research  in  this  fourth  year  under  the  contract 

included  the  following:  fundamental  studies  of  the  mechanism  of  radiation 
damage  to  high  polymers  and  of  the  influence  of  molecular  structure  on  the 
relative  degree  of  radiation  effects;  basic  attempts  to  protect  textile 
filaments  and  cords  from  radiation  damage;  further  screening  of  anti-rnde 
for  other  conventional  and  newer  elastomers;  a  search  f*or  and  attempted 
synthesis  of  new  and  more  effective  anti-rads;  applied  studies  of  the 
separate  and  combined  effects  of  heat  and  radiation  on  aircraft  rubber 
compounds;  inradiation  and  full-scale  indoor  testing  of  aircraft  tires,  with 
and  without  potential  anti-rad  protection;  and  formulation  of  a  detailed 
program  for  the  next  end-item  study,  which  will  deal  vdth  "0”  ring  seals. 


The  work  which  is  reported  thus  included  fundamental, 
basic,  applied,  and  end-item  research.  The  results  are  stated  very  briefly 
in  the  following  simraary. 


WADC  TR  55-492  Part  IV  May  1959 

ASTIA  Document  No.  AD  213607 

SUBJECT:  RESEARCH  AND  DEVELOPMENT  ON  HIGH  TEMPERATURE  FUEL 

RESISTANT  RUBBER  COMPOUNDS 


WADC  TR  53-373  Sup  6 


131 


I 


INVESTIGATOR I 


Ib.ymQnd  G.  Spain 
Wayne  G.  Lajiness 
Eva  Deck 

CONTRACTS  AP  33(6l6)-5544 

CONTRACTORS  Ifyandotte  Chemicala  Corporaticffl 

ABSTElACTs  IMs  report  describes  research  toward  the  development  of 

elastomeric  compounds  resistant  to  high  energy  fuels  (HEP)  at  elevated 
tanperatures. 


Initial  screening  tests  in  HEP  at  moderate  temperatures 
indicated  that  of  idie  available  elastcmiers  only  certain  fluoroelastomers 
were  suitable  for  investigations  at  higher  temperatures  in  HEP,  Accopdin^y^ 
compounding  and  HEP  aging  studies  were  concentrated  on  these  materials. 

The  Micro  Tester  was  completed  during  this  repcsct  period. 
This  device  will  permit  the  deteminaticai  of  the  tensile  properties  of 
vulcanizates  at  temperatuRea  up  to  600 iidiile  the  test  specimens  are  immersed 
in  test  fltiids. 

The  I^amic  0-Ring  Test  Apparatus  was  also  completed 
during  this  report  period.  This  device  will  be  used  to  test  experimental 
vulcanizates  as  0-ring  seals  for  a  reciprocating  shaft  at  simulated  use 
conditions. 


As  pricu'ity  was  given  to  the  HEP  aging  studies,  only  a 
minor  portion  of  the  effort  was  directed  toward  the  c<Mitlnued  developmait  of 
elastaneric  compounds  resistant  to  petroleum  base  fuels. 


WADC  TR  56-331  Part  III  April  1959 

ASTIA  Document  No,  AD  212903 


SUBJECTi 


DEVELOPMENT  OF  HIGH  TEMPERATURE  RESISTANT  RUBBER 
COMPOUNDS 


INVESTIGATOR! 


Robert  A  Hayes 
51oyd  M,  anith 
Glexm  A,  Kidder 


James  C.  Henning 
Jack  D,  Rigby 
George  L.  Hall 


CONTRACT!  AF  33(6l6)-3953 

CONTRACTOR!  TOe  Firestcme  Tire  &  Rubber  Company 

ABSTRACT!  Heat-stable  elastomers  of  potential  interest  for  such 

applications  as  high  temperature  aircraft  tires,  ducting,  seals,  and  flexitle 
connectors  were  compotmded  to  improve  the  physical  properties  required  for 
construction  and  performance.  Improved  methacrylate  rubber  compounds  were 
obtained  by  lowering  the  carb<m  black  level j  self-adhesion  was  improved  at 
the  exp«ise  of  tensile  strength  by  adding  a  small  amount  of  Hevea  rubber,  and 
better  building  events  were  d  evd.oped.  Improved  "hi^i-strength'*  silicone 
rubber  compounds  were  obtained  by  replacing  dichlorobenzc^l  with  di-t-butyl 
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peroxide  and  by  limiting  the  postcure  temperature  to  450 Vi  ton  A  stocks 
vith  improved  s  corch  were  obtained  by  adding  Copper  Inhibitor  65,  but  the 
best  s  tocks  are  still  stiff  with  poor  self-adhesion  and  poor  adhesion  to  wire 
at  elevated  temperatures*  Poly  (ethyl  acrylate)  compounds,  cured  with  metal 
oxides  were  developed  \diich  show  good  high  temperature  properties  and  excellent 
dynamic  properties. 


Prototype  wire  tirecord  aircraft  tires  were  constructed 
from  both  methacrylate  rubber  and  silicone  rubber.  Tires  of  both  rubbers 
successfully  lithstood  hydraulic  tests  at  210  psig  but  had  wavy  contours  whoi 
inflated  due  to  diffictilties  encountered  during  their  construction. 

Epoxy  extended  polyesters,  capable  of  some  degree  of  cure 
with^roxides,  have  been  developed.  Terpolymers  of  butadiene,  acrylonitrile, 
and  methyl  acrylate  cured  with  metal  oxides  gave  400®F  tensile  strengths  as 
hi^  as  1130  psi.  Non-elastcmeric  polymers  with  outstanding  thermal  stability 
have  been  prepared  from  the  reaction  of  diepoxides  with  diphenols.  A  graft 
polymer  of  methyl  methacrylate  on  Hevea  rubber  did  not  give  successful  metal 
oxide  cures. 


UATYJ  TR 

ASTIA  Document  No.  AD  155606 


June  1958 


SUBJECT:  DEVELOPMENT  OF  HIGH  TEMPERATURE  SEALANTS 
INVESTIGATOR:  Irvin  P,  Seegman  Sarkis  H.  Kalfayan 

William  Cheorvas  Paul  A.  Mallard 
Francis  H.  Ingham  Ron  E.  Thompson 
R.  Loren  Varner 


CONTRACT:  AF  33(6l6)-3976 

CONTRACTOR:  Products  Research  Company 

ABSTRACT:  A  fill  and  drain  sealant  based  on  VI ton  A  has  been 

developed  which  has  excellent  resistance  to  fuels  at  450 ®F.  Good  adhesion  to 
stsdnless  steel  and  titanium  was  obtained  by  use  of  a  primer  and  was  retained 
after  exposure  to  fuel  for  42  hovirs  at  450^,  oven  again  336  hours  at  450®F 
and  immersion  in  salt  water  for  168  hours  at  140®F.  The  fill  and  drain  system 
consists  of  a  dilute  solution  of  Viton  A  and  phenolic  resins  as  a  primer,  a 
Viton  A  sealant  compounded  with  silicone  coated  silica  and  magnesium  oxide  at 
28^  solids  in  methyl  isobutyi  ketone  and  an  amine  curing  solution. 


An  80$  solids  filleting  sealant  with  excellent  resistance 
to  fuel  and  dry  heat  at  450 ®F  and  adequate  low  temperature  properties  has  been 
developed  from  Viton  A  cured  with  hexamethylene  diamine.  A  phenolic  primer 
provided  satisfactory  adhesion  to  stainless  steel,  while  a  dual  primer  system 
was  required  for  titanium.  The  sealant  can  be  cured  adequately  in  one  hour 
at  250 ®F  but  requires  an  additional  2  hovurs  at  350 ®F  to  develop  adhesion 
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A  100$  solids  filleting  formulation  based  on  PAB-1  ms 
cured  vdth  benzc^l  peroxide  to  an  elastomeric  material  which  had  excellent 
resistance  to  III  and  JP-5  fuels  at  350®P,  but  its  initial  tensile 
strength  properties  were  not  of  a  very  high  order*  After  these  e^5osure  ccso- 
ditions  good  aJhesion  was  retained  to  st^nless  steel  primed  with  either 
DC-iU4014  or  a  phwiolic-triallyl  cyanurate  primer*  improTed  tensile  strength 
propserties  were  obtained  with  peroxide  cured  filleting  formulati<a»s  based  on 
Viton  A,  LS-53  or  1P4  plasticized  with  either  PAH-1  or  reverted  LS-53U,  but 
good  adhesion  to  stainless  steel  has  not  been  obtained* 

A  groove  sealant  ms  deimloped  \diich  meets  the  350®P  and 
450 ®F  requirements  of  this  contract.  This  sealant  formulated  frcan  LS-53U  aai 
1F4  maintained  its  seal  and  was  capable  of  reinjection  after  6  days  Immersion 
in  "type  II  reference  fluid  or  JP-4  fluid  at  275 followed  hy  7  days  at  350 
or  2  days  at  450 ®P  with  eqiaally  satisfactory  resulte*  The  caapcound  met  the 
major  requiranents  of  the  propxjsed  250*^  Military  toooire  Sealant  Specif icaticm 
and  the  sealing  and  reinjection  requlrments  of  this  speciflcatitm  \dien  tested 
at  350 ®F  and  450®P. 


Caapjounds  have  been  developed  which  should  be  suitable  for 
use  as  naifuel  resistant  pressurization  sealants  for  high  temperature  €0^)08- 
ures  to  700  ®P*  Formulatlcms  we  based  on  room  t«nperature  vulcaaaizing  silicone 
compounds*  For  elevated  temperature  service  a  stepwise  post  cure  up  to  the 
anticipcated  operating  tempserature  la  required*  Higher  tempceratwe  propcertles 
were  outstanding,  ihysical  pu^opcertles  were  reasonable  and  adhesicm  was 
obtained  at  all  temperatures  with  use  of  the  pjropcer  primer* 

Studies  were  made  of  the  cure  of  various  hexaflwa’t^sen- 
lylene  adipate  pcolymers  with  p50lyiso<^anates,  peroxides,  tetra-alhyl  titanates, 
aliphatic  polyamines  and  sulfur*  Cures  were  obtained  <mly  with  pxclylsocyanates 
and  peroxides.  Ihe  materials  thus  obtained  were  either  lacking  in  fuel 
resistance  or  required  excessive  temperatures  for  cure* 

Oocuring  of  vinyl  containing  silicones  with  pcolymerlc 
substances  of  known  fuel  resistance  showed  no  premise  and  work  in  this  directicn 
was  abandoned* 


An  inorganic  polymer,  phosphoniteilic  chloride,  has  been 
polymerized  to  a  inibbery  mass.  Several  objectionable  characteristics  inclining 
its  hi^ily  corrosive  nature  made  it  evident  that  this  material  was  not 
suitable  for  sealants* 
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WADC  TR  58-114 

ASTIA  Docvmient  No.  AD  155631 


June  1958 


A  DESIGN  MAITOAL  FOR  ELASTOMERS  USED  IN  NUCLEAR 
ENVIRONMENTS 
Richard  G.  Baianan 
AF  33(616)-2308 
The  B.  F.  Goodrich  Company 

A  design  manual  has  been  prepared  which  assembles  the 
research  information  gathered  by  B,  F,  Goodrich  scientists  during  the 
years  1954-1957.  Only  that  material  of  Interest  to  airframe  design  engineers 
has  been  included. 


SUBJECTS 

INVESTIGATOR: 

CONTRACT: 

CONTRACTOR; 

ABSTRACTS 


The  primary  topics  included  are  the  radiation  resistance 
of  a  large  group  of  rubber  compounds  to  tensile  changes?  the  dynamic  property 
changes  of  a  group  of  selected  compounds  when  irradiated?  the  radiation 
resistance  of  practical  aircraft  compounds  used  in  tires,  hose,  fuel  cells, 
gaskets  and  packing?  and  the  protection  afforded  by  anti-rads. 


WADC  TR  58-593 

ASTIA  Docinnent  No.  AD  211653 


March  1959 


SUBJECT:  RESEARCH  AND  DEVELOPhlENT  OF  HIGH  TEMPERATURE  NUCLEAR 

RADIATION  RESISTANT  ELASTOllERS 

O.  M.  Grace  B.  Hunt 

P.  Davis  R.  E.  Isley 

AF  33(616)-5303 
Burke  Research  Comply 

The  chief  purpose  of  this  work  was  the  investigation  of 
the  effect  of  structure  of  elastomers  on  the  resistance  to  change  under 
gamma  radiation. 


INVESTIGATORS 

CONTRACT: 

CONTRACTOR: 

ABSTRACT: 


Over  three  hundred  and  seventy  polymers  were  prepared 
chiefly  by  heterogeneous  catalysis,  many  of  which  polymers  can  not  be 
prepared  by  other  techniques.  The  monomers  employed  were  chiefly  olefins 
and  diene  hydrocarbons,  and  the  most  of  the  polymers  prepared  were  elastomeric 
Fifty  of  these  polymers  were  selected  for  gamma  irradiation  (cobalt  60  source) 
A  few  plastomers  were  included  in  this  number  for  comparison,  as  well  as  a 
number  of  emulsion  polymers. 

Catalyst  systems  were  developed  to  copolymerize  halo- 
substituted  ethylenes  with  ethylene  (e.g.  vinyl  chloride,  vinylidene 
chloride  and  vinylidene  fluoride)  but  fluoro-containing  elastomers  irfith 
interesting  tensile  properties  were  not  yet  attained. 
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Irradiaticaa  sttadiea  showed  several  contact  polymers  of 
relatively  good  resistance  to  irradiaticm;  butadiaie-styrene,  butadi«ie- 
ethylene,  butadiene-phenylbutadi«ie,  and  butadiene-alpha-methylstyrene. 

None  were  better  than  natural  rubber  with  respect  to  decrease  in  elongation, 
but  the  phenyl  and  methyl  groups  in  such  polymers  resulted  in  good  retention 
of  t^sile  strength  and  hardness  in  comparison  with  natural  rubber. 


WADC  TR  59-42  *  March  1959 

ASTIA  Document  No,  AD  211763 

SUBJECT  I  A  ROOM  TEMPERATURE  TOLCANIZATION  SYSTEI<i  FOR  SELECTED 

BXUORINl-CONTAINING  POLYMERS 
INVESTIGATOR t  Warren  R.  Griffin 

ABSTRACT,  The  development  of  a  room  temperature  vulcanisation  system 

for  selected  fluorine-ccmtaining  polymers  is  described,  A  theory  is  postu¬ 
lated  to  explain  the  vulcanisation  involving  attachm^t  of  reactive  sites  to 
ttie  polymers  at  elevated  temperatures  followed  cross-linking  through 
these  sites  at  room  temperatures.  The  formulation,  characteristics  and  test 
data  are  giv«i  for  a  hexafluoropropylene-vinylidene  fluoride  copolymer 
(Viton  A*)  vulcanised  by  this  systoa.  The  technique  appears  applicaWLe  to 
the  preparation  of  sealants,  aerodynamic  smoothers  and  other  related  mater¬ 
ials  urgMitty  required  1:^  the  Air  Force  for  advanced  vehicles. 


SANDWICH  CONSTRUCTION 


WADC  TR  55-417  Part  III  October  1958 

AS!n!A  Doctxment  No,  AD  202492 

SUBJECTi  PERFORMANCE  OF  BRAZED  STAINLESS  STEEL  SANDWICH 

AT  HIGH  TEMPERATURES 
INVESTIGATOR*  W,  E,  Jahnke 

E,  W,  Eumsi 

CONTRACTS  DO  33-  (616)56-9 

CONTRACTORS  Forest  l^oducts  Laboratory 

ABSTRACTS  This  report  presents  results  of  tests  to  investigate 

structural  performance  of  stainless  steel  sandwich  cmprised  of  facings 
brazed  to  honeycomb  cores.  Performance  was  deteimined  at  75®j  800®, 
1000®,  and  1,200®  F,  after  short-time  exposure  to  test  temperatures. 
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Included  in  this  report  are  comparisons  between  facing  stresses  actually 
developed  in  test  specimens  and  stresses  computed  theoretically  for  sandwich 
that  fails  either  by  dimpling  of  facings  into  the  core  cells  or  by  buckling 
when  subjected  to  edgevdse  conpression. 


WADC  TR  55-463  Part  II  July  1958 

ASm  Document  No.  AD  155725 
OTS  Release 


SUBJECT:  DEVELOPMENT  OF  BRAZED  SANDWICH  CONSTRUCTION  MATERIALS 

FOR  HIGH  TEJ1PERATURE  APPLICATIONS 
INVESTIGATOR:  Charles  F,  Burrows 

F.  J.  Ragland >  Jr. 


CONTRACT:  AF  33(6l6)-2602 

CONTRACTOR:  The  Martin  Company 

ABSTRACT:  An  investigation  was  undertaken  to  study  various  base 

metal  -  braze  alloy  combinations  for  honeycomb  sandwich  structures  that  would 
have  utility  up  to  a  maximum  temperature  of  1200 ®F.  The  base  alloys, 

17-7PH,  422,  A  286,  19-9  DL  and  17-14  Cu  Mo  were  evaluated  with  silver  and 
nickel  base  Irazing  alloys  to  determine  their  compatability  and  strength 
characteristics  to  develop  an  optimum  sandwich  combination. 


On  the  basis  of  brazing  studies  and  structural  tests,  it 
vras  found  that  A  286  corrosion  resistant  steel  brazed  vdth  a  nickel-chromium- 
silicon-iron-boron  alloy  offered  the  optimum  sandwich  construction  for  oper¬ 
ating  temperatures  of  1000®  to  1200®  F. 


Static  flexure  and  edgewise  compression  data  are  given 
for  all  optimum  base  metal-braze  alloy  combinations.  S/N  curves  for  flex¬ 
ural  fatigue  studies  made  at  temperatures  of  75®,  500®,  and  1000 ®F  are 
presented  for  the  A  286  idth  Ni-Cr-Si-Fe-B  optimum  sandwich  combination. 


WADC  TR  58-172  August  1958 

ASTIA  Document  No.  AD  155805 


SUBJECT: 

INVESTIGATOR: 

CONTRACT: 

CONTRACTOR; 


EFFECT  OF  VOIDS  IN  GLASS-FABRIC-RSINFORCED 

SANDWICH  FACING 

B.  G.  Heebink 

K.  E.  Kimball 

R.  A.  Hann 

DO  33(616)-56-9 

Forest  Products  Laboratory 


WADC  TR  53-373  Sup  6 


137 


ABSTRACTi  Two  sets  of  composite  plastic  sandwich  panels  were 

fabricated#  One  set  -ms  constructed  with  prMiolded,  relatiirely  roid-free 
faces  and  the  other  was  wet  laminated,  which  caused  numerous  small  voids. 

Compression  tests  showed  that  the  panels  with  void-free, 
premolded  faces  were  substantially  stronger  than  the  wet-laminated  imnels# 
Slectrlcal  tests  showed  that  although  both  types  passed  the  minimum  electrical 
transmission  specification  requirements,  exposure  to  temperature  Mid  humidity 
cycling  resulted  in  practically  no  change  from  100  percent  transmission  for 
the  premolded  panel,  whereas  the  wet  lay-up  construction  was  boi^erline  in 
passing  the  requirement  under  the  same  exposure  conditions# 


SOLID  FILM  LUBEIOAMTS 


WADC  TR  58-499  January  1959 

ASTIA  Document  No,  AD  207795 
OK  Release 


SDBJlCTt  THE  EFFECTS  OF  NUCLEAR  RADIATION  ON  SOLID  FILM 

LUBRICANTS 

IITJESTIGATORi  William  L.  R.  Rice 

milim  L.  Cox,  1/Lt 

ABSTRACTS  The  effect  of  nuclear  radiation  on  twelve  commercial 

solid  film  lubricants  was  determined#  Tlie  lutelcants  were  typically  phenbllc 
or  epoxy  resin  bonded.  Incorporating  graphite  or  molybdenum  disulfide# 

Gamma  exposures  covered  the  range  8, *71  x  10°  through  2.61  x  10^  ergs  per 
gram  carbon,  Neutr<Mi  exposures  were  over  the  range  1  x  1CA5  to  3  x  lOl^  nvt 
fast. 


Data  were  obtained  on  the  war  life,  corrosion  resistance, 
fluid  resistance,  and  theimal  stability#  It  was  observed  that  radiatim, 
in  certain  instances,  improved  wear  life  rather  than  decreasing  it#  Also, 
those  solid  films  that  possessed  good  corrosicm  and  fluid  resistance  and  good 
thermal  stability  prior  to  irr^iiaticm  generally  were  not  seriously  chan^l 
in  these  properties#  Films  of  poor  initial  properties  were  greatly  degraded 
by  the  radiation. 


It  ms  concliMed  that  certain  of  the  films  should  bo 
useable  up  to  the  maximum  dosages  used,  but  that  careful  selection  would 
be  necessaiy^. 
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TESTS.  NONDESTRUCTIVE 


WADC  TR  54-231  Part  6  June  1958 

ASTIA  Document  No.  AD  155632 


mVESTIGATOR: 

CONTRACT: 

CONTRACTOR: 

ABSTRACT: 


SUBJECT:  DEVELOPMENT  OF  NONDESTRUCTIVE  TESTS  FOR  STRUCTURAL 

ADHESIVE  BONDS 
J.  S.  Arnold 
AF  33(6l6)-3833 
Stanford  Research  Institute 

An  ultrasonic  technique  for  evaluation  of  structural 
adhesive  bonds  (the  STUB-^aeter)  is  being  developed  and  tested*  The  operation 
of  iihe  instrument  is  based  on  the  empirically  observed  fact  that  the 
behavior  of  a  ferroelectric  transducer,  when  mechanically  coujiLed  to  a  test 
specimen,  is  affected  by  the  structural  properties  of  the  test  specimen. 

An  evaluation  program  has  been  carried  out  in  cooperation  with  organizations 
in  the  aircraft  industry.  The  results  of  the  program  prove  the  technique  to 
be  useful,  and  do  much  to  define  the  proper  ranges  of  parameters  for  its 
application. 


Laboratory  work  has  produced  a  significant  improvement 
in  the  description  of  the  electromechanical  phenomena  of  the  method,  and 
experimental  apparatus  has  been  constructed  to  take  advantage  of  this 
information. 


TEXTILES 


WADC  TR  58-30 

ASTIA  Document  No.  AD  151133 
OTS  Release 


April  1958 


SUBJFXJT: 


DEVELOPMENT  OF  AN  OUTER  SHELL  AND  A  FUNCTIONAL 
CLOTHING  FABRIC 


INVESTIGATOR:  Joseph  L.  Barach 

Arthur  S.  Tingas 
CONTRACT:  AF  33(600)-32556 

CONTRACTOR:  Celanese  Corporation  of  America 

ABSTRACT:  The  purpose  of  this  report  is  to  summarize  the  expei>- 

imental  work  performed  and  the  technical  data  obtsdned  in  developing  an 
Outer  Shell  and  a  Functional  Clothing  fabric  for  Wright  Air  Development 
Center,  In  the  course  of  tlriis  program,  a  large  nimiber  of  experimental 
fabrics  were  prepared,  dyed,  finished,  and  evaluated.  Details  of  fabric 
preparation,  dyeing  and  finishing  procedures  followed,  and  results  obtained 
are  given  in  this  report* 
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■Die  most  difficult  problems  wicountered  during  this  work 
were  those  of  dyeing  the  mrious  fiber  blends  and  combinations  to  match  the 
requested  color  shade  and  of  finishing  the  Outer  Shell  fabrics  for  caabined 
water  repellency  and  flame  retarfan<^. 

Tw>  fabrics  were  selected  as  the  constructiwis  most 
closely  meeting  the  requirements*  A  Dacron/rayon  blend  for  the  Functional 
Clothing  fabric  and  a  Portisan/cotton  combination  for  the  Outw  Shell  fabric* 
In  additiem,  other  constructions  of  interest  were  developed  such  as  nylon/ 
Verel,  i^lon/cottcm,  nylon/ray<m,  Portisan/ltecron,  Fortisan/Verel  ccmbliiations 
and  a  nylon/rayon  intimate  fiber  blaid# 


MADC  TE  58-130  November  1958 

ASHA  Document  No*  AD  206894 
OTS  Helease 


SDBJSCTs  DEVELOPMENT  OP  DDMBLl  PLWffl-RlTARDANT  PINISMS 

POR  COTTON 

INVESTIGATOR!  John  G.  Prick,  Jr*  Ethel  K*  Leoiard 

Richard  L*  Arcaieaux  J*  David  Reid 


CONTRACTS  AP  33(6l6)-56-59 

C0NTEIA.CT0RS  Ikilted  States  Department  of  Agriculture 

ABSTRACTS  New  methods  for  imparting  a  dwabls,  flame-retasrdant 

finish  to  cotton  fabrics  were  investi^ted*  Primarily,  methods  were 
sou^t  for  the  chemical  attaclmient  of  phosphorus-containing  groups  to 
cellulose*  Classes  of  conpounds  investi^ted  includes  amides  of  phosphorts 
(V)  acidsi  imides  of  phosphonw  (V)  acidsi  tetramethylphosphorodiamidic 
acid  derivatives}  phosphorus  ccmpoimds  containing  epoxy  groups}  triazii^l- 
phosphonates}  and  phosjdioroisothiocyanatidato  derivatives*  Also  investi¬ 
gated  were  modifications  of  the  phosphoric  acidi-wea  process  for  the 
phosphorylatlcMi  of  cotton*  The  best  finish  dev^oped  was  inferior  in  some 
respects  to  existing  finishes*  Some  suggestions  for  future  work  are 
included* 


WADC  TR  58-410  December  1958 

ASTIA  Document  No*  AD  2(^91 
0TB  Release 


SDBJECTi 

INVESTIGATORS 

CONTRACTS 

CONTRACTORS 


mVEWPMiNT  OP  CORELESS  TIPS  BRAIIB  POR  USE  IN 

PERSONNEL  PARACHUTE  SUSPENSION  LINES 

Melvin  B,  Landis 

Freeman  W*  Praim  III 

AF  33(616)-3993 

Ifes^  Mills,  Incorporated 
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ABSTRACT:  The  purpose  of  this  investigation  was  to  develop  coreless 

type  braids  for  use  in  personnel  parachute  suspension  lines. 

Specifically  the  braids  developed  were  to  equal  or  exceed 
the  specification  mlnimums  of  strength,  weight  in  yards  per  pound,  and 
elongation  of  Type  II  and  T^pe  III  cords  as  made  under  Specification 
MIL-C-504OA,  The  coreless  braids  developed  were  to  have  equal  or  better 
seam  efficiency,  abrasion  resistance,  snag  resistance,  and  energy  absorpticm 
than  the  core  and  sleeve  type  cords. 

The  coreless  cords  were  to  be  made  using  both  Nylon  6 

and  Nylon  6,6. 


To  evaluate  snag  resistance  a  machine  was  developed. 

To  evaluate  abrasion  resistance  a  procedure  was  developed  using  the  abrasion 
machine  described  in  MIL-W-4088C. 

This  Investigation  showed  that  coreless  "lype  cords  can 
be  produced  to  replace  the  presently  used  core  and  sleeve  type  cords. 

Within  the  scope  of  this  project  it  was  not  possible  to  develop  coreless 
cords  which  were  equal  or  superior  to  the  present  core  and  sleeve  cords  as 
to  snag  resistance.  It  was  found  that  the  snag  resistance  of  several  of  the 
coreless  braids  developed  were  approximately  equal  to  the  !iype  III  although 
higher  than  the  Type  II.  In  all  other  requirements,  which  include  abrasion 
resistance,  weight  per  unit  length,  energy  absorption,  breaMng  strength, 
elongation,  and  seam  efficiency,  the  new  coreless  cords  are  equal  or  superior. 

Nylon  ly-pe  6  coreless  cords  compared  as  foUoira  to  Nylon 

6,6  coreless  cords. 

Coreless  Type  6 
Compared  To 
Coreless  Type  6,6 


Strength 

AE 

Elongation 

S 

Weight  -  yds. /lb. 

AE 

Abrasion  Resistance 

S 

Snag  Resistance 

P 

Energy  Absorption 

AE 

Seam  Efficiency 

AE 

S  —  Superior 

P  —•  Poorer 

AE  —  Approximately  Equal 
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The  following  table  compares  the  coreless  cords  to  the 
core  and  sleeve  type  cords  th^  were  developed  to  replace* 


leaking  Strength  lbs* 
Hongatiai  % 

Abrasion  Resistance* 
Snag  Resistance* 

Seam  IfficioK^  %* 
Ihergy  Abscarption* 
Weight  yds/lb 


COMPARID  TO  TIPI  III 


TIPI  6,6 


TIPI  6 


TIPS  6,6 


S  —  Superior  in  that  specification  minimums  were  exceeded, 

P  -  Poorer  in  conparison.  No  specification  reqtilrement* 

A1  -  Approximately  equal  when  compared.  No  specification  requirement, 
*  -  No  specification  requlrfflients  for  these  tests,  llie  test  results 

S,  Ai,  or  P  are  comparison  results  only. 


M&DC  TR  58-509  April  1959 

ASTIA  Document  No,  AD  211911 
OTS  Release 


SDBJSCTi  DEirEW)Pt®NT  OF  IMPROVED  NILON  WEBBINGS 

INVESTIGATOR*  Chauncey  C.  Chu 

Ernest  R,  Kasw^l 


Itonald  J,  DouU 
CONTRACT*  AF  33C^)-34381 

CONTTtACTOR*  Fabric  Research  Laboratories,  Inc, 

ABSTRACT*  In  general,  methods  of  extaidlng  the  useful  service  life 

of  Air  Force  webbings  have  beai  limited  to  resin  teeatments  which  improve 
abrasion  resistance,  Idttle  attention  has  thus  far  been  paid  to  the 
influences  of  structural  geometi^  on  webbing  performance.  This  project 
was  aimed  at  a  stiMy  of  these  infLuences, 


Thirty-two  experimental  webbings,  woven  froa  i^l<m 
type  6  CaproLan  yams,  meeting  the  ^neral  dimensional  requirements  of 
Specification  MIL-1«M088B  Itype  XIII  webbing,  vere  designed  aM  consiaructed. 
These  webbings,  containing  systematic  variations  in  constructiaial  gBimetry, 
were  thorov^hly  evaluated,  ResuLte  indicate  that  proper  constanxction  can 
podttce  a  wbbing  strength  increMe  of  approximately  8  percent  over  the 
pesenttLy  spcified  standard.  Using  profit  strength  loss  m  a  criterion, 
abrasim  resisteice  was  appeclably  improved  since  the  loss  mss  reduced 
from  42  prcent  to  8  percent. 
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Ifefortxmately  the  design  for  maximuia  original  strength 
does  not  coincide  vith  the  design  for  maximum  abrasion  resistance*  Thvis 
the  design  of  an  improved  webbing  must  be  a  compranise  between  high  initial 
strength  and  high  abrasion  resistance* 

Six  optimum  experimental  webbing  constructions  have  been 
proposed,  but  have  not  been  constructed  or  evaluated  in  this  program*  It 
is  anticipated  that  three  of  these  will  have  higher  original  strengths, 
higher  abrasion  resistances,  and  equal  weights,  as  compared  with  the  present 
l^pe  nil  standard*  The  other  three  should  exceed  the  minimimi  strengUi 
requirements,  have  significantly  improved  abrasion  resistance,  and  at  least 
a  20  percent  reduction  in  weight* 


TRANSPARENT  MATERIALS 


WADC  TR  56-557  Part  II  May  1958 

ASnA  Document  No*  AD  155580 

SUBJECT*  EFFECTS  OF  GAIMA  RADIATION  ON  AIRCRAFT 

TRANSPARENT  MATERIALS 
INVESTIGATOR*  Donald  L.  Schmidt 

ABSTRACT*  This  report  presents  additional  data  on  gamma  radiation- 

induced  changes  in  commonly-used  and  experimental  transparent  plastic 
materials* 


Eight  materials  of  an  acrylic  or  polyester  type  were 
irradiated  to  maximum  absorbed  energy  levels  of  I06  to  10^®  erga  pgr  gram 

in  a  cobalt-60  isotope  facility*  The  irradiated  materials  were  then  evaluated 
in  accordance  with  standard  testing  procedures  to  determine  (a)  which  physical 
properties  were  altered  by  gamma  irradiation,  (b)  the  nature  of  these 
changes,  and  (c)  the  magnitude  of  these  changes* 

Results  of  this  Investigation  show  that  most  of  the 
plastic  materials  properties  were  affected  by  a  high  intensity  gamma  radia¬ 
tion  environment*  The  principal  effect  was  found  to  be  that  of  degradation, 
but  initial  property  improvements  were  also  noted*  This  latter  effect, 
however,  was  almost  always  followed  by  degradation  upon  continued  irradiation* 
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Comparative  radiation  stability  data  are  presented  <m 
the  various  irradiated  transparent  plastic  materials*  'lireshold  and 
25  percent  damage  dosages  for  the  individml  materials  properties  are 
reported,  jHie  optical  properties  of  the  materials  were  more  susceptible 
to  gamma  radiation  than  were  the  mechanical,  thermal  or  permanence- type 
properties,  Threshold  dosages  were  about  1  to  5  x  10*^  ergs  per  gram  for 
optical  properties  that  change  with  irradiation,  and  about  10®  to  10^  er^ 
per  gram  for  other  radio-sensitive  properties. 


WADC  ra  57-213  Part  II  August  1958 

ASTIA  Document  No.  AD  155803 


SDBJlCTs  SILICOKl  INTERLAYim  mOORM 

INTSSTIQATOEi  Keith  1.  Polmanteer 

Francis  J,  Campbell 
Thomas  L,  Laur 


CONTRACT!  AF  33(600)-34^4 

CONTRACTOR!  Dow  Coming  Corporation 

ABSTRACT!  The  main  objective  during  the  contract  was  to  improve 

l^pe  M  interlayer  or  to  develop  a  subsequent  material  to  eliminate  the 
need  for  capillaries  in  Type  M  laminates,  A  number  of  modificaticais  of 
!type  M  interlayer  were  tested  but  none  of  these  had  all  the  requirements 
to  make  them  better  than  l^e  M,  One  modification,  which  had  greater 
thermal  stability  than  Type  M,  mbs  not  self-adhering  to  glass  or  aluminum, 

A  number  of  adhesive  materials  were  tried  in  conjunction  with  this  modifi¬ 
cation,  but  none  were  satisfactory*  However,  properties  of  several  of  these 
materials  were  encouraging.  Development  work  will  continue* 


A  stMy  was  made  of  the  tanperature  gradients  existing 
in  Tj-pe  K  laminates  when  subjected  to  simulated  flight  conditions.  This 
study  pointed  out  the  effect  of  ^ass  thickness  on  the  relatica  between 
the  surface  tonperatures  of  ttie  laminate  and  the  peak  interlayer  tanperature. 
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II  NUMERICAL  LISTING  OF  PUBLISHED  TECHIIICAL  REPORTS  (Jferch  1923  -  June  1959) 


Accessories.  Aircraft 

4720,  4938,  5064,  5563,  5599,  5651,  53-472 
Adhesives.  Structural 

5896  Pts.  1-2,  5928,  52-156,  52-156  Sup  1,  53-126  Pts.  1-2-3-^, 
294  Sup  1,  53-477,  54-88,  54-98  Pts.  1-2-3,  54-153,  54-447  Pts. 
Pts.  1-2-3-4-5-6,  55-271  Pts.  1-2-3,  55-289,  55-491  Pts.  1-2-3, 
239,  56-320  Pts.  1-2,  56-410,  56wi.67,  56-533  Pts.  1-2,  56-650, 
696,  58-364. 


Aircraft  Parts 
5219,  ^496 

Antiseize  Compounds 
52-102,  53-197,  55-493 

Beryllium 

58-457,  58-478  Pt  1 


Biochemistry 

5588,  6518  Pts.  1-2-3-4,  52-214,  53-474,  54-30,  54-148,  54-421 
508,  56-208,  56-252,  56-384  Pts.  1-2,  56-431,  56-48O  Sup  1,  TN 
366,  57-711,  58-32,  58-201,  58-303,  58-502,  59-142 


Brazing  Alloys 

57-648,  58-467 

Ceramics 

5897,  5947,  6218  Pt  1,  6512,  6515,  66OI  Pts  1-2,  52-67,  52-92, 
1-2^3,  -53-9  Pts.  1^,  53-37,  53-50  Pts.  1-2,  53-91,  53-165,  53' 

54- 13  Pts.  1-2,  54-27,  54-33  Pts.  1-2,  54-414,  54-457,  54-467, 

55- 327,  55-500  Pts.  1-2-3,  56-329,  56-521,  57-32,  57-39,  57-86 
577  Pt.  1,  57-665,  58-12  Pt.  1,  58-13  Pt.  1,  58-184,  58^75  Pt 

Chemistry 

53-147  Sup  1,  56-495,  57-187,  57-193,  57-606 
Cleaning 

4609,  52-100,  53-147 
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53-294,  53- 
1-2,  55-87 

56- 24,  56- 

57- 513,  57- 


55-72,  55- 
57-232,  57- 


52-291  Pts. 
•287,  54-1, 
54-491  Pts  1-2, 
57-135,  57- 
1,  58.^52. 


Coatings 

5617,  5700  Sup  1-2,  5236,  52^8  ,  52-99,  53-73  ,  53-466  Pt  1,  53-511  Pts  1-2, 

54-209,  54-325  Pts  1-2-3,  54-373,  54-392,  54-452,  54-526,  54-527,  54-527 
Sup  1,  TN  55-212,  55-308,  56-30,  56-80  Sup  1,  56-250,  56-338  Pts  1-2,  56- 
385,  56-591,  56-622,  57-158  Pts  1-2-3,  57-185,  57-136,  57-195,  57-296,  57- 
317,  57-342,  57WJ5,  57-752,  58-4,  58-11,  58-199,  58-203,  58-269,  58-302, 
58-493,  58-545. 


Corrosion 

5690,  5519  Pt  i_2-3-4-5-6,  6591,  53-16  Pts  1-2-3,  54-481,  54-568,  55-84,  55- 
109,  TN  55-212,  TN  55-212  Sup  1-2,  55-345,  56-237,  56-310,  56-311,  56-380, 

56-414,  57-302,  57-379,  57-540,  57-662,  57-743,  58-227, 


Creep 

57- 96,  57-104,  57-150  Pts  1^-3  ,  57-297,  58-63,  58-204,  58-340. 

Design  Criteria 

5144  Pts  1-2,  5311 ,  5521,  5662  Pts  1-4-5,  5472  Pts  1-2,  5899,  6517  Pts  1-2- 
3_5,  52-89  Pts  1-2-3,  52.251  Pts  l_2-3-4-5-6,  52-252,  52-320,  53-7,  53-10, 
53-24  Pts  1-2-3-4,  53-71  Pts  1-2,  53-300,  53-336  Pts  4-5,  53-507,  53-510  Pt. 
1,  54-122,  54-175  Pts  1-2,  54-214  Pt.  1,  54-402,  55-18  Pt  1,  55-18  Sup  1, 

55- 103,  55-103  Sup.  1-2,  55-150  Pts  1-2-3 -4-5-6-7,  55-199  Pts  1-2-3,  55-372, 

56- 26  Pt  1,  56-44,  56-216,  56-340,  56-395  Pts  1-2-3,  58.246,  58-365,  58.400, 

58- 440  Pts  1-2,  58-672. 


Heetrodeposltion 

5125,  5692,  5692  Sup  1-2-3-4,  52-232,  53-162  Pts  1-2-3,  53-218,  53-271  Pts 
1-2,  53-317,  54-240,  54-485  Pts  1-2-3,  TN  57-178,  57-514,  58-5  Pt  1,  58-481. 

Electronic  I4aterials 
TN  57-241,  TN  58-54. 

Environments 

56-600,  57-173 
Fatigue 

5623,  5726  Pts  1-2,  5775  Pts  1-2,  52-148,  52-234,  53-122,  53-167,  53-184# 
53-393  Pt  1,  53-437  Pts  1-2,  54-20,  54-64,  54-200,  54-462,  54-531,  54-531 
Sup  1,  55-86  Pts  1-2,  55-225,  55-226,  TN  55-232,  TN  55-273  Pts  1-2,  TN  55- 
284,  55-389,  55-456,  Tl^  55-460,  55-483,  55-497,  55-527,  56-37,  56-122,  56- 
127  Pts  1-2,  56-180,  56-181,  56-289,  56-291,  56-408,  56-6II,  57-310,  57-589, 

58-36,  58.43,  5S-69  Pt  1,  58-72,  58-128,  58-214,  58-289,  58-430,  58-461, 
58-539,  58-570. 


Fuels 

5636,  5636  Sup  1,  5895  ,  5944,  6387,  6390,  6625,  6625  3up  1,  52-35  Sup  1-2- 
3-4,  52-53,  53-63  Pts  1_2-3-4-5-6,  53-63  Sup  1,  54-328  Pts  1-2,  54-596,  55- 
138,  55-219 
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Fur 

53-333 


Graphite 

57-491  Pt  1,  57-602,  58-152,  58-152  Sup  1,  58-395,  58-503 


Greases 

56-60S,  58-288  Pts  1-2,  58-350 


Hydraulic  Fluids 

5561,  5655,  5746,  5756,  5756  Sup  1,5763  Sup  1,  6665,  6685,  6685  Sup  1-2, 
52-118,  53-79,  53-462,  54-191,  54-532  Pts  1-2-3,  55-62,  55-89  Pts  l_2 -3-4-5, 
56-25,  56-168  Pts  1-2-3,  56-207  Pts  1-2-3,  56-634,  57-2,  57-119  Pts  1-2,  57- 
151  Pts  1-2,  57-151  Sup  1,  57-167,  57-168,  57-266  Pt  1,  57-294,  57-437,  57- 
573,  57-581,  58-84,  58-171  Pt  1,  58-335  Pt  1. 


Joining 

4423,  4554,  5657,  4657,  4659,  5310,  5749  ,  5931,  52-143,  52-231,  52-294,  52- 
313  Pts  1-2,  52-322  Pts  1-2-3-4,  53-67,  53-231,  53-4-01,  54-17  Pts  1-2-3,  54- 
97  Pts  1-2,  55-22,  55-213,  56-550,  58^79. 


Leather 

53-414,  54-63,  54-466 


Lubricants 

5685,  6385,  6386,  52-22,  52-220,  53-11,  53-25,  53-45,  53-79,  53-83  Pts  1-2-3-4 
5-6,  53-88,  53-293  Pts  1-2-3-4-5-6-7-8,  53-303,.  53-337  Pts  1-2-3,  53-353,  53- 

426  Pts  1-2-3-4-5,  53-466  Pt  2,  54-37,  54-44,  54-46,  54-157,  54-339  Pts  1-2, 

54- 417,  54-418,  54-464  Pts  1-2-3-4,  54-576  Pts  i_2-3-4,  54-580,  54-614,  55-30 
Pts  1-2-3-4-5-6,  55-90,  55-102  Pts  1-2-3,  55-187  Pts  1-2,  55-190  Pts  1-2-3, 

55- 240  Pts  1-2-3-4,  TN  55-372,  55-385,  55-449  Pts  1-2-3-4-5-6,  55-475,  TN  55- 
554,  56-1,  56-11,  56-175,  56-177,  56-224,  56-229,  56-254,  56-262,  56-275,  56- 
370  Pts  1-2-3,  56-375,  56-430  Pt  1,  56-475,  56-646  Pt  2,  57-36  Pts  1-2,  57- 
61  Pts  1-2,  57-93,  57-113,  57-166,  57-177  Pts  1-2,  57-199,  57-255  Pts  1-2, 

57- 283,  57-299  Pts  1-2,  57-455  Pts  1-2,  57-773  Pts  1-2,  58-15  58-248,  58-283, 

58- 297. 


Materials  Information  (General) 

TN  58-192,  58-655 


Materials  Physics 

4596,  4617,  4995,  5014,  5628,  6I89,  6381,  6520,  66IO,  52-168,  52-246,  52-282, 
53-32,  53-44,  53-112,  53-201  Pts  1-2-3-5-6,  53-308  Pts  1-2-3,  53-378  Pts  1-2, 
53-455,  53-465,  54-45,  54-185  Pts  1-2,  54-268,  54-306  Pts  1-2,  54-393,  54- 
601,  55-108,  55-255,  TN  55-302,  55-421,  55-495  Pts  1-2-3,  55-496  Pts  1-2,  56- 
4  Pts  1-2,  56-19  Pts  1-2,  TN  56-183,  TN  56-191,  TN  56-I96,  56-222  Pts  1-2, 
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56-222  Pt  2  Sup  1,  56-263,  56-423  Pts  1-2,  56-436,  56-452,  56-455,  56-465, 

56- 500,  56-515,  56-543,  56-623,  56-657,  ^-10,  57-38,  57-^,  TN  57-lU, 

57- 141,  TH  57-207,  57-212,  57-226,  m  57-294,  TN  57-2^  Pt  1,  TR  57-308, 
57-319,  57-334,  57-334  Svp  1,  TN  57-335,  TH  57-342,  57-359,  TN  ^-362,  57- 
374  Pta  1-2-4,  57-375,  57-3^,  TN  ^-395,  TN  57-413,  57-465,  57-4^,  57-487, 
57-488,  57-512,  57-^,  57-667,  ^-771,  ^-42,  TN  58-46,  TN  58-56,  TN  58- 
58,  ^-59,  58-70,  58-78,  TN  58-105  ,  58-112,  58-129,  TN  58-134,  TN  58-142, 

TN  58-U6,  58-158,  58-179,  ^-198,  58-1^  Sup  1,  58-206,  58-274,  58-405,  58- 
476,  58-^3,  TN  59-79,  59-119. 


Metallurgical  Phenomena  and  Mechanisms 
TN  58-369,  58-507,  58-547,  58-569 

Metals,  General 

4796,  ^14,  5925  ,  6191,  6222,  6517  Sap  1,  6517  Ft  2  ,  6678  ,  6731  Pts  1-2-3-4, 

52-^9  Ft  1,  52-101  Pts  1-2,  54-183,  54-474  Ft  2,  54-598,  55-34,  56-83,  56- 
242,  56-282,  56-294,  56-330  Pts  1-2-3.4-5-6-7-8-9,  56-402,  56-486,  57-58  Pt  2, 
57-131,  57-311,  57-695,  58-168,  58-615  Pt  1. 


Metals,  Ferrous 

4473,  4799  Pts  1-2,  4802,  5645,  5657,  5696,  52-73,  52-77,  52-325  Pt  1,  53- 
254  Pts  1^-3.4_5-6,  53-256,  53-439,  TN  55-87,  56-205,  56-396,  56-555,  56-598, 
57-501,  57-720  Pt  1,  58-108  Pt  1,  59-57. 


Metals,  High  Temperature 

5435,  5649,  5712,  5716,  5730,  5731,  5893,  5929,  5930,  5936  Pts  1-2,  5949,  6188, 
6219,  6615,  6640,  52-54,  52-226  Pts  1-2,  52-227,  52-243,  52-253,  53-70,  53-272 
Pts  1-2,  53-274,  53-277  Pts  1-2,  53-336  Pts  1-2-3,  53-451  Pts  1-2,  54-40,  54- 
120  Pts  1-2,  54-175  Pt  3,  54-206,  54-270  Pts  1-2-3-4-5,  54-476,  54-391,  54-391 
Sup  1,  54-451  Pts  1-2,  54-472,  54-^8  Pt  1,  55-23,  55-96,  55-218,  55-243,  TN 
55-290  Pts  1-2,  55-388,  55-391,  55-470  Pts  1-2,  55-501,  56-114,  56-190,  56- 
327,  56-454,  57-40,  57-57  Pt  1,  57-154,  57-242  Pts  1-2,  57-298  Pts  1-2-3-4-5- 
6-7-8-9-10-11-12-13-14,  57-309,,57-343  Pts  1-2,  57-344  Pts  1-2,  57-426,  57-535, 
57-649  Pt  1,  57-678,  57-717,  58-28,  58-I64  Pt  1-2,  58-181,  58-299,  58-396,  58- 
432,  58-525,  58-546,  58-682,  59-10  Pt  1. 


Metals.  Nonferrotis  Aluminum 

4531,  4547,  4560,  4566,  4902,  4902  Md.  1,  5103,  5111,  5129,  5187,  5228,  5357, 
5589,  5603,  5694,  5701,  5945,  6513  ,  6675  ,  52^51  Pt  1,  52-3OT  Pts  1-2,  53-40, 

53-151,  53-151  Sup  1,  53-527,  54-104,  54-119,  54-490,  54-590,  54-595,  TN  55- 
49,  56-99,  56-481,  56-585  Pt  1,  TN  58-57, 


tfetals.  Nonferrous  Ifegneslum 

4514,  4556,  4725,  4780,  5156,  5246,  5349,  5517,  5734,  5755,  5926,  6173,  6174, 
6594,  52-169,  53-18  Pts  1^,  53-113,  53-181,  53-405,  54-83  Pts  1-2-3-4-5, 

54-357,  55-160  Pts  1-2-3,  55-207,  56-88,  56-405,  56-409,  56-415,  56-453,  56- 
461,  56-478,  57-194  Pts  1-2-3,  57-241  Pts  1-2,  57-518  ,  57-576,  58-218.  - 

Ifetals.  Nonferrous  Silicon 
6383 
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Metals.  Nonferrous  Titanium 

5732,  5935,  5946,  6218  Pt  2,  6516  Pts  1-2,  6595  Pts  1-2,  6596  Pts  1-2,  6597 
Pts  1-2,  6623,  52-16,  52-202,  52-245,  52-249,  52-255,  52-334,  52-339,  53-26, 

53- 101,  53-109  Pt  1,  53-177,  53-182  Pt  2,  53-230  Pts  1-2-3,  54-101  Pts  1-2, 

54- 109  Pts  1-2,  54-112  Pts  1-2-3,  54-205  Pts  1-2,  54-278  Pts  1-2-3-4,  54-280, 
54-305  Pts  1-2,  54-355  Pts  1-2-3,  54-404,  54-487,  54-546  Pts  1-2,  54-547,  54- 
555,  54-609,  54-616  Pts  1-2-3-4-5,  55-5,  55-U7,  55-164,  55-310,  55-325  Pts 
1-2,  55-362,  55-454  Pts  1-2,  55-458  Pts  1-2,  55-510,  56-121,  56-I46,  56-269, 

56-304,  56-343,  56-545,  56-580,  56-597,  57-269,  57-360,  TN  57-396,  57-^0, 
57^70,  57-630,  57-639,  57-694,  53-20,  58-105  ,  58-161,  58-182,  58-328,  58- 
409,  58-438. 


Metals .  Nonferrous  Vanadium 

52-145  Pts  1-2-3 


Metals.  Nonferrous  Zirconium 
5932,  5943,  52-236 


Packaging 

52- 22  Pt  1,  53-38  Pts  1-20  inclusive,  53-43,  53-68,  53-132,  53-133  Pts  1-2-3, 

53- 133  Pt  3  Sup  1,  53-216,  53-334,  TN  55-216,  TN  55-328,  TN  55-407,  TN  55-706, 

56- 342,  56-342  Sup  1,  56-357,  56-464,  56-539,  56-547,  56-647,  56-660,  57-51, 

57- 541,  57-682,  58-223,  58-268,  58-601,  58-639. 


Paint  Remover 
5713  Sup  1 


Plastics.  Structural 

4648,  4969,  4989,  4998,  5004,  5012,  5062,  5077,  5686,  5698,  5748,  5940,  5941, 
6190,  6220  Sup  1-2,  6223  Sup  1,  6389,  6602,  52-5,  52-5  Sup  1-2-3,  52-20,  52- 
24,  52-75,  52-105,  52-142,  52-161,  52-183,  52-183  Sup  l_2-3-4-5-6,  53-56,  53- 
185  Pts.  1-2-3-4-5,  53-192  Pts  1-2-3-4-5-7-8-9-10-11-12,  53-307,  53-371  Pts  1-2, 
53-483,  53-491,  54-474  Pts  1-2,  54-540,  55-31,  55-37,  55-186  Pts  1-2-3-4,  55- 
256,  55-290  Pts  1-2,  55-308,  55-319,  55-342,  56-206,  56-231,  56-264,  56-270, 

56- 296,  56-522,  56-534  Pts  2-3,  56-581,  57-37,  57-182,  57-200,  57-246,  57-352, 

57- 531,  57-574,  57-638  Pt  1,  57-674,  58-27,  TN  58-222,  58-285,  58-298,  58-356, 

58- ^^86,  58-555,  58-618,  58-668. 


Polymers  and  Synthesis  Studies 

54- 102  Pts  1-2,  54-264,  54-525,  54-599  Pts  1-2,  54-613  Pts  1-2-3,  55-25,  55- 
26  Pts  1-2-3-^,  55-146,  55-193  Pt  2,  55-220  Pts  1-2-3-4,  55-221  Pts  1-2-3-4-5, 

55- 374,  55-453  Pts  1-2,  55-461,  56-82  Pts  1-2-3,  56-90,  56-94,  56-201,  56- 
203  Pts  1-2-3,  56-234,  56-326,  56-376,  56-399,  56-492,  56-493,  56-520,  56-530, 

56- 590  Pts  1-2,  56-596  Pts  1-2,  57-45  Pts  1-2,  57-62  Pts  1-2,  57-110  Pts  1-2, 

57- 126  Pts  1-2,  57-143  Pts  1-2-3,  57-189,  57-321  Pts  1-2-3,  57-391,  57-436, 

57- 502,  57-503,  57-657,  57-764,  58-3,  58-44  Pt  1,  58-51,  58-160,  58-187  Pt  1, 

58- 219,  58-377,  58-382  Pt  1, 
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Rodlography 
4539,  54^a 


Rare  Metals 
57-666  Pta  1-2 


Rubber 

2938,  3269,  3893,  486O,  5891,  52-^0,  52-180,  52-191  Pts  1-2-3,  52-192,  52- 
197  Pts  1_2-3-4-5-6-7-8,  52-230,  52-338,  53-223,  53-281  Pts  1-2,  53-372,  53- 
ao,  53-450,  54-10,  54-62,  54-68  ,  54-190  Pts  1-2-3  ,  54-213  ,  54-318  ,  54-407, 
54-458,  55-26  Pts  1-2,  55-57,  55-58  Pts  1-2-3-4,  55-117,  55-193,  55-206,  55- 
351,  55-377,  55-381,  55-439,  55-492  Pts  1-2-3-4,  56-155  Pts  1-2,  56-272  Pts 
l_2-3,  56-331  Pts  1-2-3,  56-351,  57-247,  57-346,  57-364,  57-553,  57-651,  58- 
18,  58-19,  58-89,  58-114,  58-593,  59-42. 

Sandwich  Gonstructlon 

52- 51  Pts  1-2-3,  52-184,  52-184  Sup  l>2-3-4-5,  53-72,  53-146,  53-146  Sup  1, 

53- 327,  54-138,  55-417  Pts  1-2-3,  55-463  Pts  1-2,  56-86,  56-119,  56-230,  56- 
386,  57-132,  57-609,  58-76,  58-172. 

Solid  mm  lubricants 
58-499 


Structures 

5544' 


Tests,  Hondestructlve 

5598,  5898,  54-231  Pts  1-2-3-4-5-6,  55-175  Pts  1-2,  55-322,  56-607,  57-268, 
58-35. 


Textiles 

2123,  2291,  2429,  2920,  3CB9,  4620,  5590,  5665,  5699,  5894,  52-55,  52-57,  52- 
112,  52-283  Pts  1-2-3-4-5,  53-21  Pts  1-2,  53-298  ,  53-351,  53-4U,  53-452,  54- 
12,  54-39,  54-49,  54-52,  54-93,  54-117,  54-199,  54-323  Pts  1-2,  54-468,  54-513, 

54- 570,  54-571,  54-572,  54-573,  54-574,  54-611,  54-612,  55-3,  55-83,  55-104, 

55- 135,  55-229,  55-^64,  55-297,  55-313,  55-324,  55-340,  55-340  Sup  1,  55-343, 

55-379,  55-432,  55-465,  55-485,  55-494,  56-15,  56-151,  56-256,  56-257,  56- 
288,  56-541,  56-576,  57-157,  57-416,  57-443,  57-538,  57-765,  58-30,  58-65, 
58-130,  58-410,  58-509. 


Transparent  Patertals 

4604,  5108,  6629’ Section  2,  6684,  52-38,  52-135  Sup  1,  52-292,  52-304,  53^19, 
53-259,  53-299,  53-378  Pt  3,  54-128  Pts  1-4,  54-207  Pt  1,  54-429,  54-465,  54- 
619  Pts  1-2,  55-24,  55-189,  55-217,  55-472,  55-296,  55-412,  55-2^99,  56-133,  56- 
159,  56-243,  56-352  Pts  1-2,  56-491,  56-557  Pts  1-4,  56-645  Pt  1,  57-24  Pts  1-2, 
57-213  Pts  1-2,  57-/4I,  57-447,  57-580,  57-640 
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